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( a )  Lead Agency: The Department of Energy. 

( b )  Proposed Action: Lawrence Livermore National Laboratory and Sandia 
National Laboratories ,  Li vermore, at Livermore, California. 

( c )  For Further Information Contact: ( 1 )  Mr. Gordon C. Facer, Deputy Director ,  
Division of Safety , Environment, and Emergency Actions, Office of Mil i t�ry 
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Application, Office of the Assistant Secretary for Defense Programs , Mail 
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( 2 )  Dr. Robert J. Stern , Acting Director, Office of Environmental Compliance, 
Office of the Assistant Secretary, Environmental Protection, Safety , and 
Emergency Preparedness. 

For of the EIS  Contact: Mr. Gordon C. Facer at the address noted 
above. 

(d)  Desi gnation: Final EIS. 

(e)  Abstract: The statement assesses the potential impacts associated with 
current opera ti on of the Lawrence Livermore Nati ona 1 Laboratory and Sandi a 
National Laboratories , Livermore, adjacent sites. This incl udes the impacts 
from postulated accidents associated with the activities. Various effluents 
including radioactive ones are released to the environment. However, a 
continuing� comprehensive monitoring program is carried out to assist in 
the control of hazardous effluents. Al ternatives considered to current 
operation of the laboratories include: (1) shutdown and deconmissioning, 
( 2 )  total or partial rel ocation, ( 3 )  scaling down those operations having 
greatest impact , and (4) wider use of al ternate technol ogies having reduced 
impact . 
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Po reword 

This environ.mental impact statement has been prepared to further the purposes of the National 

Environmental Policy Act of 1969, as amended. It is intended that this document be used to assist 

future agency planning and decision aaking associated with activities at the Livermore site, Livermore, 

california. 

On July 16, 1976, ERDA published a notice in the Pederal Rec)ister that a draft environaental 

stateaent was under preparation on it• Livermore operations. Collllents and suggestions were solicited 

concerning aaterial to be included in this stateaent. One C011111ent letter was received in response to 

that notice. 

In Septeaber 1978 the Departltent of Energy, foraerly the Energy Research and Development 

Administration (!RDA), issued the draft environmental 1.apact statement (DBIS), which assessed the 

impact of continued operation at the Livermore site. Thia DBIS was distributed for public review and 

co1111Dent to federal and state agencies, local governments, and other individuals and groups known to 

have an interest in the site. A 90-day c0111Dent period was established which closed on December 22, 

1978. 

A total of 26 comment letters were received fr011 government agencies, organizations, and 

individuals. A staff statement was prepared in March 1979 in response to these c011ments. copies of 

this staff statement were sent to those who prepared written eou1ents and others who requested them. 

During the comment period numerous requests were made for a public hearing to afford an 

opportunity for further c011111ent on the DEIS. In response to these requests a public hearing was held 

at the Granada High School in LiverlDOre on April 12, 1979. Specific issues raised at this hearing were 

recorded in the Hearing Transcript and Record. copies of these documents, including the presiding 

board's statement and the written responses, have been distributed to all hearing participants and are 

available in DOB Public Document rooms. 

The present BIS contains the changes made in the DEIS as a result of the comment letters received, 

the concerns voiced at the public hearing, and those issues identified by the Hearing Board which it 

considered to be critical to future decision-111akin9 at the Livermore site. The delay between the draft 

and final statement is due to the extensive geological/seismological studies performed at and around 

the Liver110re site. Although the studies are still not complete, adequate in.formation is now available 

to show that the design-basis earthquake will probably be less severe than that presently used. All 

the critical facilities have been evaluated for their resistance to the present design-basis earthquake. 

Terll8 used in the EIS are defined in Appendix lA, and the principal preparers are listed in 

Appendix lB. 
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l.l. BACKGROUND 

l. SUMMARY 

The Lawrence Livermore National Laboratory (LLNL) and Sandia National Laboratories-Livermore 

(SNLL) are located on adjacent sites about 65 km east of San Francisco in the Livermore Valley in 

southern Alameda County, approximately 5 km east of the City of Livermore. The sites occupy a combined 

area of 3.29 km
2

• Open agricultural areas surround the Livermore site. Site 300, located about 

19 km southeast of Livermore, is operated by LLNL as a nonnuclear high-explosives site. Hydrodynamic 

tests are conducted here in support of nuclear weapons development. 

Prior to World War II, the Livermore site was farmland and was used for grain production ann 

cattle grazing. In 1942, the Navy established the Livermore Naval Air Station on the property. This 

property was transferred to the Atomic Energy Co11111ission [now the Department of Energy (DOE)) in 1951 

as a site for the Material Test Accelerator. The present LLNL was established in 1952 and SNLL was 

established in 1956. 

A brief description is presented of LLNL and SNLL facilities which have programmatic operations 

with a potential for environmental impacts. Plans for future land use in accordance with the Livermore 

Site Development Plan are described. A descriptior. of new facilities planned is presented. 

Nuclear weapons research and.development has always been the primary mission of the Livermore 

operations. However, today's programs include magnetic fusion research, biomedical studies, and laser 

fusion and laser isotope separation research. Most recently, programs to develop nonnuclear energy 

technologies have been established at Livermore. 

Activities undertaken at Livermore include the nuclear weapons development program; energy 

programs in geothermal development, coal gasification, combustion research, and solar energy; and 

magnetic and laser fusion energy research. Other Livermore operations include: l) a large, high-speed 

computer facility which, in addition to application in weapons development, magnetic fusion, laser and 

energy research calculations, has been used for a variety of nonenergy projects such as developing 

�redictive computer models of atmospheric pollution in the San Francisco Bay Area; 2) on-site 

facilities for the Graduate Center for Applied Science, a unit of the College of Engineering, 

University of California at Davis; and 3) an atmospheric release advisory capability foe forecasting 

cloud trajectories, concentrations, and population doses resulting from a nuclear accident within the 

United States. 

Population distributions are given foe the public within 1.6 Ion, 16 km, and 80 km. These 

distributions are given to illustrate the number of people who might be affected by accidental release 
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of either radioactive or otherwise hazardous material. The nearest urban residential area is 0.8 km 

from the west perimeter of the DOE property. Total present population within 80 km of the Livermore 

operations is approximately 5 million. 

The DOE Liver11Y.>re National Laboratories are located in a tectonically active reqion. Within the 

Livermore Valley and,adjacent areas there is evidence of recent seismic activity alonq the Calaveras, 

Las Positas, and Greenville Faults as well as Quaternary movements of several other faults. Recent 

qeoloqic studies have located a strand of the t.as Positas Pault within SNLL. Three other faults have 

been postulated to cross the LLNL site. However, recent trenchinq showed no evidence of these three 

faults. 

Major active faults in the vicinity of LLNL and SNLL ace the San Andreas Fault, with a maxi�um 

credible earthquake (MCE) of 8.5 as measured on the Richter scale, which passes within 58 km; the 

Hayward Fault, with an MCB of 7 .O and at a dfstance of 32 k111 and the Calaveras Fault, with an MCE of 

7 . 3  and J �losest distance of 17 km. The Greenville and Las Positas Paults have been investigated and 

found to be active. ThP. Las Positas Fault has been mapped as passinq throuqh SNLL about l km south of 

LLNL. A strand of the Greenville Fault has been mapped about l km northeast of LLNL. 

Permanent buildinqs were designed in accordance with the seismic design requirements of the 

Uniform Buildinq Code (UBC) in force at the time of construction. ff')Wever, the seismic resistance of 

�ritical facilities at Lt.NL were evaluated using a more conservative design-basis earthquake havinq a 

horizontal qround acceleration of 0.8 q. Because of the location of the Las Positas Fault, SNLL 

engaqed the enqineerinq and consulting firm of ORS/John A. 8lu11e ' Associates ,  Enqineers, to perform a 

qeoloqical investiqation of the SNLL site and a structural investigation of the Tritium Research 

Laboratory (TRL). Remedial measures for seismic upqrade for the TRL recommended in the Blume report 

were per formed. 

Some additional geoloqical studies have been deemed necessary as part of the review and 

improvement of the design-basis earthquake foe LLNL facilities. These investiqations include geologic 

1nappinq alonq the Greenville and Las Positas Fault zones and in other selected areas, in addition to 

subsurface exploration within LLNL. This work is beinq inteqcated with onqoinq seismological, 

hydroloqical, and geophysical investigati?ns as part of an LLNL Site seismic Safety Proqram. 

The climate of the Livermore Valley is characterized by mild, rainy winters and warm, dry 

summers. Severe weather is rare. T-:irnados do not pose a local threat as severe as extreme winds. 

Extreme wind has been defined as 49 m/s, based upon a mean recurrence interval of 10,000 years. Por 

Site JOO, the criteri?n is increased to 54 m/s because of possible channeling through the site. All 

critical facilities at Livermore and Site JOO will withstand the extreme wind. 
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An archaeological reconnaissance of the Livermore site, conducted by Archaeological Consulting 

and Research Services of Mill Valley, California, indicated no evidence of archaeological cespucces. 

An intensive acchaeoloqical survey was conducted at Site 300 which located several sites of aboriginal 

and hist.orical activity. 

The cadioloqical background of the Livermore site is predominately determined by the activity 

levels of naturally occurrinq uranium, thorium, and potassium in local soils. Accordingly, on-site 

measurements of radiation exposure rates do not differ significantly from those made immediately 

off-site or within the Livermore Valley. Several minor incidents involving releases of radioactivity 

have occurred at LLNL during the past 25 years that have resulted in local surface contamination. 

These areas have been paved to eliminate possible spread of contamination. The total area so tceat�d 

was about 300 m2 and involved less than 0.1 µCi i:>f plutonium. Environmental monitoring surveys 

detected low-level plutonium and americium contamination in an on-site area east of the LLNL waste 

treatment area. The source of this contamination is proabably due to local radioactivity releases 

connected with the solar evaporators used in volume reduction of intermediate-level liquid waste. 

These evaporators are no lonqer used for vi:>lume reduction of radioactive waste. Although levels abov� 

normal backqround radioactivity have occasii:>nally been detected at perimeter air filter samples during 

solar evaporator operations, these filters now show typical global fallout levels of airborne 

plutonium. This would indicate .that the contaminated soil is not being resuspended ti:> an extent which 

influences site perimeter concentrations. 

l . 2. ENVIRO�ENTAL IMPACT 

Most of the property occupied by the Livermore laboratories has been diverted from its original 

agricultural land use for 40 years. Neither the present operations nor those planned for the 

immediate future impact on prime or unique farmland. None of the land immediately surrounding the 

Livermore laboratories is prime or unique farmland. 

Requirements foe consumption of natural resources and enerqy include water, natural gas, and 

electrical power. In 1979, water usaqe was 9.5 x 105 m3; natural gas usage was 1.5 x 107 

and electrical power consumption was 870 TJ. 

3 m ; 

Acquisition of additional property around LLNL is under consideration. Recently SNLL acquired 

approximately O.l km2 of agricultural land joining the eastern boundary to provide foe future 

expansion. All construction activities take place on land controlled by LLNL and SNLL. Consequently, 

..,ith the exception of increased traffic on East Avenue (the main entrance to either site), the 

environmental impact of these activities on the community (such as noise and dust) is negligible. 
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Waste manage.ment at Livermore includes the cat99ories of radioactive waste, sanitary waste, 

chemical (nonradioactive) waste, excess property, salvage and reclamation, and .land fill operations. 

Section 3.5 describes radioactive waste management procedures at LLNL. Some radioactive wastes 

generated by SNLL ace also processed at LI.NL. Liquid radioactive wastes are treated at LLNL's Building 

514 facility to reduce activity levels to as low as practicable below standards set in DOB Order 

5480. L\. Following this treatment, the material is released to the sanitary sewer system. 

concentrations of radioactivity in the sewage effluent, which is discharged to the City of Livermore's 

sewer system, is continuously 1110nitored. In 1980 a total of 5 Ci of tritium were released to the 

sewer. During this same period 2.8 x 10
-4 

Ci of 
239

PU were released. Liquid waste not amenable to 

further treatment is transferred to a vacuum evaporator for volume reduction. Solar evaporation used 

for these reductions prior to 1974 has been discontinued, because of the possible release of activity 

during the transfer of dry radioactive residues. Ory solid waste is transferred to Department of 

Transportation (DOT)-approved shipping containers and released to a contractor who ships it to a 

DOE-approved burial or storage facility. During 1979, approximately 376 m
3 

of radioactive waste was 

shipped from LLNL. While no radioactive waste is permanently stored or buried at the Livermore sites, 

land burials of solid wastes containing depleted uranium are made at Site 300 using 10 CPR 20.304 as 

guidance. 

Sanitary waste from OOE's LiverlllOre laboratories is treated at the Livermore Water Reclamation 

Plant. This is a 220-liter/s tertiary sewage treatment plant serving the residential, commercial, and 

industrial users in Livermore. The sanitary e£fluent from DOE operations contributes about 7t of the 

total sewage treated. There have been several accidental releases of toxic and radioactive materials 

to the sanitary sewer from the Livermore laboratories. (These releases and their impact are listed in 

Appendix 3A.) For each such inciden�, corrective measures were instituted to prevent a recurrence. 

Some of these were chemical releases from the plating shops, or were pH excursions due to discharges 

from a variety of sources at LLNL or SNLL. A neutralization/ion-exchange facility to process the 

plating shop wastes is now in service. The Livermore Site sewage effluent is continuously monitored 

for pB as well as radioactivity. 

The largest radiological impact from Livermore operations is from LLNL's 14-MeV neutron generator 

in Building 212. In 1980 the maximum annual fenc.e line dose fr011 thi� source was 166 mrem. A survey 

of potential exposures, including those to motorists and bicyclists on East Avenue and users of the 

Sandia parking lot, indicates that no one is exposed to more than 10 mrem per year from these 

operations. Radioactive airborne effluents include 41Ar, from the LLNL reactor, Building 281; 

13
N2

-15
o

2 
from LLNL's linear accelerator, Building 1941 and 

3
a

2 
principally from LLNL's Building 331. 

. 41 13 15 3 
During 1980 the estimated maximum annual fence line doses from Ar, N- o, and e were 1.3, 2.1, and 
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0.4 mrem, respectively. In 1980 the LLNL reactor was shutdown and the fuel ele•ents were removed. 

Airborne particulate radioactivity is removed f rOll effluent air using high-efficiency particulate air 

(BEPA) filters. In 1980 3 µCi of 
239

Pu was released from the LLNL plutoniu• facility due to improper 

mounting of a HEPA filter. 

A study of the sociol09ical impact of DOE operations on the cOllllllunity of Livermore shows that the 

greatest impact occurred during the late 1950s and early 1960s. During this tiae, the DOB operations 

accounted for a larger percentage of the City's population than at present. Aa a result, LUfL and SNLL 

employees living in Livermore created strong de11U1nda for housing, and accounted for significant 

increases in school enrolllllents and local businesses. Since 1967, the .. jority of the City's growth 

bas been due to the trend of living in suburbia and working in surrounding urban areas. At present, 

LLNL and SNLL employees and their families account for approximately JOt of the City's population. 

Section 3.9 includes an analysis of maximum credible accidents that could occur at Liv.r.ore. 

These are postulated to occur under worst-ease conditions. These maximum credible accidents include a 

tritium release, a nuclear criticality accident, a 
244

aa spill, a building fire, and a release of 

chlorine. All critical facilities have been evaluated for their ability to withstand natural 

accidents--such as earthquakes, flooding, and high winds. The consequences of such natural accidents 

are not greater than the ones described. 

The postulated tritium accident involves 1.2 Mei of tritiwa released frOll either Tritium Pacility, 

all of which is in the form of HTO (tritiated water). The eaximua site boundary dose of 5.3 r .. occurs 

from this postulated release from SNLL building 968 at the SNLL northeast peri•eter. Thia is within 

the 10 CFR 100 guideline of 25 rem for a maximum whole body accidental dose. 

The maximum credible nuclear criticality accident is postulated to involve plutoniua in LI.ML 

Building 332 and would result in a fission yield of 10
18 fissions. The maximum fission product dose 

at the LLNL's west site boundary would be 0.08 rem whole body (subaeraion) and 0.58 re• thyroid 

(inhalation). These doses are well below the guideline of 25 r .. whole body and 300 rem to the thyroid 

as a result of an accident. 

244 
The maximum credible spill is postulated to involve 15 g of cm dispersed through a workroom 

in LLNL's Building 251. The total integrated dose to the pul110nary reqion of a person standing in the 

center line of the cloud during its passage at the west site boundary would be 5.6 re•. Thia dose is 

within the guidelines of 10 CPR 100. 

A large building fire having severe environmental consequences, such as destroying the containaent 

features in facilities containing radioactivity, is not likely because of automatic fire protection 

(sprinklers) and/or fire-resistant building construction. Pires are llOSt likely to occur in the wooden 
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buildinqs used as offices. The major off-site c<:>nsideration of such a fire would be a s1110ke cloud and 

the possibility of sparks and burninq brands. 

Host of the toxic chemicals at Livermore are used in such small quantities that the1r accidental 

release would have no credible off-site environraental impact. The largest container of toxic material 

in use at LI.NL is the standard 68-kq chlorine cylinder used to chlorinate the LI.NL swilMlinq pool. 

Release of a full cylinder of this 1Mterial to the atmosphere would not produce acute health effects 

off-site. Accidental releases of toxic chemicals to the sanitary sewer have occurred from •bright dip• 

tanks (a chromic acid solution containinq copper), which are located in shop areas throughout the 

Laboratory. Similar toxic chemical releases have also originated from LLNL's Plating Shop. Some of 

these releases temporarily reduced the treatment capability at the Livermore Water Reclamation Plant. 

The frequency of these releases has now been minimized by enqineerinq and administrative controls. The 

sewaqe effluent is n')W continuously monitored for pff, and pr?Visions are available for the temporary 

�iversion of sewage at the treatment plant in the event of an accidental release. 

Radioactive materials that are transported by DOE contractors are handled in two ways. If 

transportation is intra-site, radioactive materials are double-contained (two contamination barriers). 

Department of Transportation regulations are followed if radioactive materials are moved off-site, such 

as a transfer of materials frOlll the Livermore Site to Site 300. In either case the containers are 

capable of withstanding the maxi111U11 credible transportation accident. 

Appendix 38 describes the LLNL Disaster Control Plan, which contains procedures to mitigate the 

consequences of accidents. 

1.3. UNAVOIDABLE ADVERSE ENVIRO!fllENTAL IMPACTS 

Environmental impacts which are considered unavoidable consequences of ongoing operations include 

1) continued commitment of land to government use, 2) utilization of natural resources and energy, 3) 

Laboratory traffic on East Avenue, and 4) operational release of radioactive and nonradioactive 

effluents. 

1.4. ALTERNATIVES 

Alternatives considered to DOE LiverD:>re operations have been l) •no action,• which for ongoing 

operations is plant shutdown and deco1111issioning, 2) total or partial plant relocation, 3) scaling down 

those operations having the greatest impact, and 4) wider use of alternate technologies having reduced 

impact. 
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1. S. RELATIONSHIP BBTWBBN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

Historically, the lands now occupied by the Livermore Laboratories was used for agriculture. At 

Site 300 the commitment of land is principally as undeveloped buffer zone . Thus, the present use 

allows for easy conversion back to agricultural use. The Liver•ore Valley sites (LLNL and SNLL) are 

extensively built up, precluding return to agriculture. However, much of the surrounding land is zoned 

for industry, indicating that local governments feel the most appropriate long-term use of these lands 

is not agricultural but industrial. 

1.6. RELATIONSHIPS OP THE LIVERMORE OPERATIONS TO LAND USE PLANS, POLICIES, AND CONTROLS 

The Livermore operations are in agreement with the City of Livermore's General Plan for land use, 

These operations are also not in conflict with any known land use plans, policies, or controls of the 

State of California or Alameda County. 

1.7. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

Irreversible and irretrievable.c011111itments of resources include those resources consumed during 

DOE operations and those that cannot be expected to revert to a natural state if DOE-owned structures 

were removed. Although not anticipated in the foreseeable future, these facilities could be 

decommissioned and much of the equipment recovered for use elsewhere . Small areas of the LLNL site 

exhibit radiation levels slightly above background. These areas would require decontamination as part 

of decommissioning . 

1.8. ENVIRONMENTAL TRADE-OPP ANALYSIS 

A qualitative environmental trade-off analysis is perfonaed in Section 9, which balances the costs 

and benefits of each of the alternatives considered in Section 5. 

Based on the discussion of the general alternatives available and the information presented in the 

other sections of this assessment, it is concluded that DOE operations at Livermore should continue in 

the present manner in research and development. Such action provides the capability 1) to use any new 

technologies that are developed through the present programs, and 2) to continually review and upgrade 

DOE prograas to minimize any possible adverse environmental impacts. 
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2. BACKGROUND 

Chapter 2 of the DEIS has been updated and revised in response to review and comment by federal, 

state, and municipal agencies and by private citizens. Major changes are as follows : 

• Section 2 . 1 . 8  on Environmental Monitoring has been expanded to give greater emphasis on water 

and soil sampling and analysis. The 1980 annual environmental monitoring report for the 

Livermore site has been included as Appendix 2A to provide the reader with outlines of the 

procedures used and typical data obtained . 

• Section 2 . 3 . l ,  Population Distribution and Land use, has been updated using data supplied by 

the Association of Bay Area Governments and Alameda County. 

• By far the most significant change has been in Section 2 . 3 . 3 ,  Geology and Seismicity. This 

section has bee� completely rewritten. The results of the Livermore site seismic study, which 

is being carried out to better define the seismic safety of critical facilities at Livermore, 

will be published as a separate report which is scheduled to be completed in 1982. 

2 . 1 .  DETAILED DESCRIPTION 

2 . 1 . l .  Location 

The Lawrence Livermore National Laboratory (LLNL) and the Sandia National Laboratories-Livermore 

(SNLL) are located about 65 km east of San Francisco at the southeast end of the Liverl!Y.>re Valley in 

southern Alameda County. The City of Livermore is located about 5 km to the west. LLNL occupies 

essentially all (2.54 km
2

) of Section 12, T3S, R2E of the USGS Altamont Quadrangle ,  California, while 

Sandia occupies 0.75 km
2 

of the north half of Section 13 of the same quadrangle .  The LLNL property 

also has an open storm drain right-of-way extending northward frOlft the northwest corner of the site to 

the Western Pacific tracks, a distance of 317 m ,  covering an area of 5700 m
2 

of land. Figure 2-1 

shows the location of these laboratories with respect to the City of Livermore. Lands to the north, 

west and south are zoned industrial, although present usage is mostly agricultural. Land i111111ediately 

to the east is zoned agricultural and is currently used as pasture. 

Site 300, located about 19 km southeast of Livermore in the sparsely populated hills of the Diablo 

Range , is operated by LLNL as a high-explosives test facility. This site, cov�ring an area of about 

2 
27 km , is roughly rectangular in shape with its southern boundary being adjacent to Corral Hollow 
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Figure 2-l. DOE Livermore site (looking west toward Livermore, 1981) . 
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Road. About one-sixth of the Site lies in Alameda county. The remainder is in San Joaquin County. 

Figure 2-2 shows the location of Site 300 with reference to Livermore. 

2 . 1 . 2 .  Prior Land Use 

Prior to World war II the land now occupied by the two laboratories was used for light agriculture 

and cattle grazing. In March of 1942 the Navy purchased the property as a site for establishing a 

training base, subsequently known as the Livermore Naval Air Station. (See Fig. 2-3.) Part of the 

area now occupied by SNLL contained a Navy landfill disposal site. 

Prior land use at Site 300 was limited to sheep and cattle grazing, due to the rugged terrain. 

Most of the area at Site 300 is characterized by steep, smooth hills and deep ravines, with elevations 

ranging from 150 m at the southwest corner along the corral Hollow valley floor to over 500 m in the 

northwest sector. 

SNLL began operations on a 0 . 3-km2 site. One parcel was part of the Naval Air Station property 

and the other parcel was purchased dry farmland. In 1970, two additional parcels ( 0 . 3 5  km2) of 

agricultural land were purchased for SNLL development. An additional purchase of approximately 
2 0 . 1  km was made during 1979. 

2 . 1 . 3 .  

2 . 1 . 3 . 1 .  Establishment of LLNL. The first Russian nuclear test in 1949 led to the establishment of 

LLNL. Plans were then being made at the Los Alamos National Laboratory to construct a fusion bomb. 

These plans and the Russians' first detonation of a fission device emphasized the need for a continuing 

supply of fissionable material. Large uraniWll deposits had not yet been found in the United States and 

this country was reluctant to depend on foreign sources. In January of 1950, construction of the 

fusion bomb was ordered. Shortly thereafter, Dr. E. o. Lawrence was authorized to construct an 

accelerator to demonstrate the feasibility of using high-energy neutrons to produce nuclear materials 

such as tritium and plutonium. This was the mission of the Materials Test Accelerator (KTA) . 

The search for a suitable location for this accelerator was soon narrowed to the Liver1110re 

Valley. Since, no such plans existed for the use of the naval air station, the Department of Defense 

volunteered to transfer the site to the Atomic Energy commission (AEC) . Although this transfer was 

dated January s, 1951, the California Research and Development corporation (a subsidiary of Standard 

Oil of California) moved onto the Livermore site in June of 1950 and began construction of the MTA, 
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Figure 2-2. Location of LLNL, SNLL, and Site 300 with respect to Livermore and 

surrounding conununities. 
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Figure 2-3. Livermore Naval Air Station (1944 ) .  
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under a contract with the AEC. However ,  due to changes in technology this accelerator was never 

operated for its intended purpose. 

In 1951, the University of California Radiation Laboratory (UCRL) at Berkeley began using some of 

the facilities in support of the Los Alamos National Laboratory (Los Alamos) . In February of 1952, 

Livermore was selected as a second nuclear weapons laboratory. The Site was activated i n  July 1952 by 

an eight-man staff from Berkeley. 

Soon after LLNL was established, it was recogn ized that an additional site would be required for 

high explosives tests in connection with the nuclear weapons programs at Livermore. Such a site should 

be in a remote area, but as near LLNL as possible. Accordingly, in July 1953 LLNL submitted a proposal 

for Site 300 (originally identified as the Corral Hollow Site) to be located about 19 km southeast of 

Livermore. The original site covered an area of approximately 8 km
2

• Experiments with high 

explosives were conducted there beginning in 1955. It was enlarged in 1957 to its present area of 

27 km
2

• 

Engineering research and development associated with nuclear ordnance originated at Los Alamos . 

Ordnance engineering was separated from nuclear design activities at Los Alamos when Sandia National 

Laboratories was established at Albuquerque in 1949. Since then Sandia has been operated through a 

contract between the Western Electric Company and the o. S. Department of Energy (DOE) , formerly the 

Energy Research and Development Administration (ERDA) , and before t�at the AEC. 

In 1956 Sandia established a branch at Livermore, Sandia National Laboratories-Livermore (SNLL) , 

to provide a closer working relationship with LLNL. 

2 . 1 . 3 . 2 .  LLNL ' s  primary miss ion is the design of nuclear weapons. However ,  other 

prog rams have been added when the technical expe rtise and facilities at Livermore seemed appropriate 

for their undertaking. These additional programs include controlled thermonuclear research, biomedical 

studies, and laser fusion and laser isotope separation research. In addition, the Laboratory now has a 

program to investigate nonnuclear energy technologies and another involving envi ronmental studies. 

Present funding for these latter two programs comes from DOE and other sources. 

SNLL's principal objective is research, development, and design of nuclear weapons systems, 

excluding the nuclear components. Major activities include trit ium research; arming, fusing , and 

f i r ing systems ; and aerodynamic and structural elements used in U.S. nuclear bombs and warheads. 

Components in these systems include power supplies, timing mechanisms, radars, switches, and other 

classified elements which make up the intricate actuating and control mechanisms. Energy-related 

activities are conducted in combustion and solar research. Sand i a ' s  responsibilities are carr ied out 

jointly between its Livermore and Albuquerque locations. 
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2 . 1 . 4 .  

In the field of nuclear explosives development, extensive LLNL contributions began with a 

fundamental breakthrough in the late 1950s that permitted the development of strategic warheads small 

enough to fit into missiles. Since that time, LLNL and SNLL have been responsible for the development 

of the warheads for the present strategic missiles, notably Polaris, Poseidon , and Minuteman . 

Similarly, their contributions to the understanding of nuclear weapons enabled development of the 

Spartan warhead (tested at Amchitka } ,  and made marked improvements in the survivability of offensive 

missile systems. SNLL has become increasingly involved in the design and development of command , 

control, and security systems for nuclear weapons . 

In magnetic confinement fusion research, LLNL developed a new technique for stabilizing a mirror 

plasma. This enabled demonstration of a principle crucial to the mirror pcoqram, namely, that plasma 

confinement time increases with plasma temperature. Coupled with other recent LLNL high-density 

experiments , this research lends credence to the belief that the scientific feasibility of the mirror 

approach to fusion could be demonstrated in the early 1980s. LLNL's laser fusion program passed a 

major milestone by obtaining experimental evidence that thermonuclear neutrons are produced in 

laser-dr iven implosions. .Advances in solid-state laser materials and other improvements promise a 

four-to-eightfold increase in laser power pee dollar invested, compared with what has been available 

before. In 1975 the laser proqram increased its target irradiation facilities by putting in operation 

the half-terawatt JANUS laser and the one-terawatt CYCLOPS laser . 

LLNL has made extensive innovati?ns in new computer language s ,  software concepts, and detailed 

programs tying together varied computer equipment into a total system. A nuclear physics effort has 

produced extensive new information and refi nements relating to nuclear energy states and processes 

relevant to energy generation. The theor y ,  which provides the basis for hope that laser fusion may be 

achieved at practical laser-energy levels, provides major m?tivation to the expanding experimental 

program. Entirely new techniques in machining, especially to previously unattained tolerances and 

accuracies, have been developed. 

2 . 1 . 5 . 1 .  �· LLNL is orqanized along programmatic lines to achieve balanced progress on the 

concurrent projects. F1.1nctional ly, the staff is divided into scientific, suppor t ,  and administrative 

categories. Resix>nsibility for each of the major programs is assigned to an associate director. 
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Oependinq on the nature of the proqram, each division will obtain technical assistance from support 

departments such as enqineering, computations, and chemistry. 

Each of the proqrams has been provided buildinqs to house assigned personnel as well as to provide 

laboratory and shop facilities. However, in many cases support departments will work on proqrammatic 

assignments in their own facilities since their activities may be common to several proqrams or the 

necessary equipment (such as the large computers in the computations Department and the specialized 

machines in the Mechanical Shops) cannot be profitably duplicated. 

Figure 2-4 shows the current layout of the LLNL site, In 1968, a long-range development plan was 

adopted by the Laboratory and the AEC. The plan is currently being implemented on the site and 

provides for an orderly development and effective use of the remaining •open• area. 

2 . 1 . s . 2. Site 300. Site 300 is divided into a qeneral-service area located in the southeastern corner 

of the Site adjacent to corral Hollow Road and siJC proqrammatic operation areas distributed throughout 

the Site (see Pig. 2-S ) .  

General-Service Area-This area contains nine major buildings which house all administrative and 

support functions, such as Site Administration, Police/Security, Pire Department, Medical, Crafts and 

Plant Engineering, Stores, Mechanical and Electrical Engineering, Cafeteria, and Service Station. 

Pacilities--The siJC basic proqrammatic operations include : 

• High explosives (BE) formulation and 11&nufacture. Thia work ia performed in three facilities 

comprising six major buildings and five utility/support buildings and magazines. 

• RE processing. Eiqht major buildinqs and 29 utility/support buildings and magazines are used 

in these operations. 

• Dynamic testing. Seven BE firinq sites (bunkers) , three explosive storage magazines, and 17 

support/storage buildings a.re used for this function. 

• Environmental testing. Ten buildings house equipment for static and dynamic tests. These 

teats may involve plutonium and mock explosives, but plutonium and live explosives are not 

peraitted within a test asseably or concurrently within a facility. 

• Experiments not_ involving RE. Proa time to ti11e experiments are performed at the Site which do 

not require the use of RE. They are located at Site 300 because they may require more space or 

110re isolation or have other special requirements such that cannot be met at LLNL. 

• Occasionally, Site 300 is used to perform experiments or provide space for outside groups. 

Figure 2-s is a map of Site 300. 
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2 . 1 . 5 . 3 .  SNLL. The SNLL site is essentially divided into two different work areas as shown in 

Fig. 2-6. The Office and Laboratory Area is used to provide office, shop, laboratory, and support 

space . This area is the most heavily populated at SNLL. 

The Office and Laboratory Area includes a vault for the storage of classified and unclassified 

radioactive materials. The laborator ies in this area are: laboratories for electronics , telemetry, 

nucleonics, optical electronics, powder metallurgy, hydrogen effects, microelectronics , glass, and 

joining. 

The Maintenance Shops and Storage Area are used for plant maintenance offices and shops, support 

facilities, raw stock storage, and a hold area for storing equipment. A small hold area used for the 

temporary storage of solid radioactive wastes is also located in this area. The carpentry and sheet 

metal shops were recently moved into this area from the Office and Laboratory Area. 

2 . 1 . 6 .  Facilities Environmental 

Operations within most facilities at LLNL and SNLL have no significant environmental impact. 

During normal operations several facilities release effluents having small but measurable levels of 

radioactive or nonradioactive contaminants. Other facilities handle radioactive materials in 

sufficient quantity that special containment features and operating procedures are required to assure 

that the radioactivity is not released to the environment. 

Listed below are brief descriptions of these facilities. Where applicable, actions taken or 

planned for reducing the effects of effluents are noted . A detailed analysis of maximum credible 

accidents is given in Section 3.9. Normal impacts are described in Section 3 . 5 . l .  

2 . 1 . 6 . l .  LLNL 194--Electron Positron Accelerator. The Electron-Positron Linear Accelerator 

(LINAC) located in the northwest quarter of LLNL is a significant tool in the continuing neutron 

physics research effort and in the Laboratory's work involving photo nuclear cross-section and 

activation measurements. The 100-MeV LINAC produces the world 's highest positron intensity and the 

wor ld's highest variable-energy monochromatic gamma-ray flux. 

Shielding and personnel barriers control on-site exposure from the accelerator 's beam. Gaseous 

radioactive effluents <
15

o
2 

and 
13

N
2

) are released through a 30-m stack . 

2 . 1 .6 . 2. LI.NL 212--Accelerator A number of medium-energy accelerators are housed 

in Building 212 at LLNL, which borders East Avenue. One of these units has off-site environmental 

implications--the Insulating Core Transformer Accelerator (ICT) . The ICT is an air-insulated 
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variable-energy machine designed to accelerate prl)tl)ns and deuterons up ti) 500 keV. The machine is 

used mainly t" generate 14-MeV neutrons by means ,,f the 
3

R(d,n) 
3

Re reacti,,n. 

Beam current� in excess of 9-mA average current are l)bta inable.  Pulsed modes of operatil)n in the 

microsecond and nanosecond ranges are also available for neutrl)n time-of-flight measurements. The ICT 

is hl)used in a concrete enclosure with 460-nn-thick concrete walls and roof. The entrance is a 

460-na-thick interlocked power-operated door. 

The ICT has been used in radiation-damage studies in suppl)rt of the Magnetic Pusi"n Energy (MFE) 

proqram. Plux rates at which the 1 4-MeV generator was operated for these studies have been responsible 

for above-background neutron and gamma exposure rates at the LLNL south boundary fence. Most of these 

high-flux operations are now conducted at Building 292, the Rotating Target Neutron Source (RTNS ) ,  

located in the northwest quadrant of LLNL. Because of this, fenceline radiation dose a t  Building 212 

was reduced from a maximum of 1020 mrem in 1975 to 166 in 1980. 

2 . 1 . 6 . 3 .  LLNL 231--LLNL Central Vault. Buildinq 231, in the southwest quadrant of LLNL, is 

the Lab,,rat,,ry's Central Vault. Activities in the buildinq include receivinq, shipping, and st,,raqe l)f 

plutl)nium, uranium and certain is"t"pes, and deqreasing and "xidati"n of uranium. The vault is air

conditioned. Ventilati"n is a once-thr,,ugh system which maintains a negative pressure differential 

between the vault and the l)Utside environment. All supply air ducts have fire dampers. The exhaust 

air is filtered through two high-efficiency particulate air (HEPA) filters in series. The facility is 

equipped with smoke detect,,rs, a sprinkler system, and radiatil)n and criticality alarms. Administrative 

Cl)ntrols and the safety design features within the vault make a nuclear criticality accident "r 

radi,,activity spill affecting the off-site environment extremely imprl)bable. 

2 . 1 . 6 . 4 .  LLNL 251--Nuclear This facility in the. Sl)Uthwest quadrant l)f 

LLNL primarily handles, processes, and stl)res multicurie quantities of the actinides. Operati,,ns 

within the building are conducted in specialized enclosures ql)verned by strict administrative 

procedures. 

Activities in Building 251 vary accordinq to pr.,qrammatic requirements but, in qenera l ,  fall inti) 

two major cateqories. The first relates to the diagnostic activities ass'>Ciated with the undergr,,und 

testinq of nuclear devices. The second category involves basic research devoted t" a better 

understanding l)f the nuclear behavior l)f the heavy elements. Such activities as preparatil)n of 

accelerator targets, providinq ul trapure isotopic standards, and understandinq the early 

characteristics of fission are examples of the research function l)f this facility. Althouqh normal 

operati,,ns within Buildinq 251 have no off-site environmental impacts, the scenario for a maximum 
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credible radioactive spill discussed in Section 3 . 9  involves this facility. Modifications have 

recently been completed to UP9rade ventilation and exhaust systems and incorporate structural 

modifications to improve seismic resistance. These changes reduce the possible impact on off-site 

environment from operations in Building 251 far below the spill described in Section 3 . 9 .  

2 . l . 6 . 5 .  LIBL Reactor. Building 281 in the northwest quadrant of LLNL housed 

the Livermore Pool-Type Reactor (LP'l'R) . Due to lack of projected need, the reactor was shutdown in 

1980 and the fuel elements removed . The principal environmental i•pact frOlll the reactor was the site 

41. boundary radiation dose from Ar, which was produced in normal operation by activation of argon in 

the ambient air within the reactor containment building. 41 The 1980 Ar release corresponded to an 

estimated site perimeter radiation dose of 1 . 3  mrem. DOE Order 5480.lA allows a maximum annual dose 

off-site of 500 mrem. 
41 

With the reactor shutdown, there is no Ar produced or released. 

2.1. 6 . 6. LLNL 331--Tritium Research Building 331, the Tritium Research Facility 

located in the southwest quadrant of LLNL, is a facility designed for experimental. work with 

radioactive gases and their c0111pounds. The primary radioactive gas is tritium. Normal operations 

involve the use of multigraa quantities of tritiWll in a variety of forms . Building ventilation is 

designed to maintain air flow toward zones of higher hazard. The building was constructed in two 

increments; each increment is monitored by a separate set of r0011 air monitors, stack-effluent 

monitors, ventilation-loss detectors, and associated alarm panels. Each increment bas its own 30-m 

stack. Tritium released through these stacks under normal operating conditions during 1980 accounted 

for an estimated annual site boundary radiation dose of less than l mrem--less than 0 . 21 of the DOE 

5480.lA standard . Due to a change in programmatic funding, a major portion of the Building 331 

facility has been decommissioned. Those operations remaining were consolidated in the north end 

( Increment II) of the building. Decommissioned laboratory space in Increment I will be used by other 

LLNL programs. Also being planned is a major UP9rade of the building ventilation system that will 

provide for collection and retention of the small quantities of tritium currently released during 

routine operations. A second system is being designed to retain nonroutine releases of tritium that 

may occur in the event of failure of part of the handling system. These innovations will further 

reduce potential releases of tritium from this facility. 

2 . 1 . 6 . 7 .  LLNL 332--Plutonium Building 332, the Plutonium Facility, is located in 

the southwest quadrant of LLNL just east of Building 331. The building is a two-story concrete 

structure, with laboratory work areas, a change room, and a storage vault on the first floor and a fan 

2-14 

Bu ld ng  281—Pool-Type

Building Facility.

Building Facility.



loft on the second . Operations within the buildinq vary accordinq to nuclear wea(Y.>ns proqrammatic 

requirements, but in qeneral include testinq '>f plutonium-bearinq engineering assemblies, developmen t 

'>f plutonium fabricat!'>n techniques, and basic and applied plut'>nium metallurgy. Building 332 

activities include investigati'>ns inv'>lving americium and curium. The americium and curium are in the 

f'>rm t)f metals and oxides. The quantity of these isott)pes is limited by the d'>se to personnel in the 

huilding under normal conditions and n'>t environmental C'>ncerns. Safety pr'>Cedures for the handling of 

these materials are similar to those devel'>ped for plutonium th'>ugh more strinqent. A one-story 

increment with basement has been added t)n the east side t)f Building 332. In this increment a l l  exhaust 

air is filtered throuqh multiple HEPA filters. The older porti'>n '>f the building, has been upgraded by 

installing additional HEPA filters and temperature-activated water sprinklers in all room exhaust 

ducts. These modifications will reduce further any possible impact on the environment fr'>m operati'>ns 

i n  this facility. 

2 .  l . 6  . 8 .  LLNL 419--Decontaminati'>n. Building 4 1 9 ,  which is located in the southeast quadrant 

of LLNL, contains facilities for removing radi'>active or otherwise hazardous contaminants from assorted 

equipment. Soak tanks, steam guns, mechanical abrasives, ultras'>nics and a vaIY.>r degreaser use 

mechanical, chemical, and heat energy to effect decontamination. Liquid wastes generated in these 

'>perations are transferred to Building 514 (Liquid Waste Treatment ) . Equipment that cannot be 

decontaminated is transferred to Building 6 12 (&>lid Waste) for disposal. Process air fr'>m Building 

419 is filtered through HEPA filters before release to the atmosphere. 

2 . 1 . 6 . 9 .  LLNL Waste Treatment Plant. Building 5 14 in the southeast quadrant '>f 

LLNL receives retention tank waste that may contain either radioactive or hazardous chemicals at 

concentrations which cannot be released directly to the sanitary sewer. This large-volume , low-level 

radioactive liquid waste is treated by a coagulation-fluocculation meth'>d that uses a diatomaceous

earth rotary-drum filter to remove the radioactivity and heavy metals from the liquid. The used 

diatomaceous earth is packaged as solid radioactive waste. A wiped-film evaporator is being installed 

to handle the somewhat hiqher-level radioactive liquid waste that is collected in carboys . The 

radioactive residue from the evaporator is packaged as solid radioactive waste. 

Release of untreated liquid waste to the sewer through equipment failure or human error is 

potentially present in this plant. However , administrative controls and safety features have minimized 

this potential for environmental impact .  Section 3 . 5 provides more detailed information on Building 

5 14 operations. 
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2 . 1 . 6 .10. LLNL 6 12--Waste Radioactive solid waste and nonradioactive chemical 

waste are packaged and held for shipment at Buildinq 612 on the LLNL site northeast of Building 514. 

Bagged radioactive waste contained in steel drums is del ivered to Building 612 from a number of 

facilities at LLNL and SNLL. Using a hydraulically operated compactor the transuranium-contaminated 

waste is reduced in volume by a 3 : 1  ratio, while all other wastes are reduced 4 : 1 .  C?mpacting is done , 

with l?Cal ventilation, exhausted through a HEPA filter. The stack exhaust and the w?rk area 

atmosphere are monitored continuously. The packaged radii:>active waste is presently being transported 

to the Nevada Test Site for burial. The nonradioactive chemicals are pumped into drums that are 

trucked by a commerc1al waste handler t? an approved Class I landfill disposal site. This 

waste-handling facility has had no measurable environmental impact on the off-site environment .  

2 . 1 . 6 . 1 1  Site 300 At Site 300 there has been no evidence of off-site contamination due to 

particulate debris from ?perations at the high explosive bunkers. In 1972 a special study was made to 

determine t? what extent the natural 
235

o;
238

o ratio in soil was perturbed by the use of depleted 

i i . . 300 
2-1 

uran um n experiments at Site • Based on isotopic uranium analyses of soils collected throughout 

235 238 the Site it was found that perturbation of the normal O/ o rati? was essentially restricted to 

areas adjacent to the firing bunkers. Indeed, samples collected more than about 500 m from these 

bunkers sh'J'Wed no measurable impact fr?lll depleted uranium usage . Depending on meteorological conditions , 

?ff-site impacts frOID annoying noises or overpressures can occur. To minimize these impacts 

mete?rological measurements are made twice daily to set a limit on the weight of high explosives that can 

be detonated without impact on populated areas . To monitor the correctness of these limits, four 

microbarograph sensors are maintained in or near Tracy (see Fig. 2-2 ) .  The probability o f  overpressure 

is greatest in this area because of the direction of the prevailing winds. 

2.1.6 . 12. SNLL Vaults. Security vaults are provided at SNLL for the receipt and storage of radioactive 

?r special nuclear material. One has been established in the warehouse (Building 927) and a small one 

within the Tritium Research Laboratory (Building 968 ) .  

Contents of the 927 Vault vary because of changing needs of the wor k .  They include depleted 

uranium-containing mock-ups of weapons (weapon-like configurations without the explosives or fissile 

materials needed to produce nuclear yield ) ,  and small, sealed radioactive sources not presently being 

used. On rare occasions, weapon mock-ups containing fissile materials are stored for short periods of 

lime (up to l week) in the Building 927 Vault. These units never contain high explosives and are 

therefore incapable of producing nuclear yield. Tritium is not stored in the 927 Vault. Presently, 

the small quantities of tritium at SNLL are kept in the labs where they are used or in the Building 968 

Vaul t .  
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2 . 1 . 6 . 13. SNLL Tritium Research Building 968, the SNLL Tritium Research Laboratory, is a 

25-m x 55-m single-story concrete laboratory building designed for tritium research experiments 

involving more than' 0 . 1  gram of tritium. The maximum quantity of tritium allowed in an experiment is 

120 g (1.2 MCi ) .  These experiments are performed in sealed glove boxes. Automatic decontamination 

systems remove tritium from glove boxes and vacuum pumps. 

Tritium detectors and alarm systems monitor room air, glove boxes, and the stack effluent. These 

data are collected, displayed, and stored in a computer in the control room. This computer provides 

for a •stand alone• overview and control of the safety systems. A once-through high-flow ventilation 

system moves air fr"'11 clean areas to areas of increasing contamination potential and discharges the 

building exhaust through a 30-m stack. Tritium released through this stack during 1980 accounted for 

an estimated annual site boundary radiation dose of less than 1 mrem--less than 0.2% of the DOE 5480.lA 

standard. Building 968 is scheduled for seismic upgrading which will consist of installing roof ties 

and external buttresses for lateral bracing. A hardened vault for tritium storage will also be added . 

2.1.7.  Current and Future and Land Use 

2 . 1 .7 . 1 .  Livermore Site Plan. The Livermore Site Development Plan is a guide for the 

orderly development '>f LLNL as it  experiences growth or replacement of its temporary and outdated 

facilities with new, permanent ones. The current allocation of land for proqrammatic use at the LLNL 

site is shown in Fig. 2-7 . 

The Wor ld War II buildings that remain on the site have outlived their expected life (30 year s ) ,  

These facilities are expensive to maintain, are qenerally not properly located to provide the housing 

where it is needed, and do not always adequately fulfill proqrammatic requirements. Plans include 

replacing these buildings with new facilities. 

tn addition to the World War II buildings, there are many trailers on site. These trailers can 

generally be located to provide the space where it is needed, but they are expensive to maintain. 

Where possible, they will be replaced with permanent facilities. 

Future building sites are provided for in the Site Development Plan to allow for potential 

expansion. A new northwest entrance to LLNL is under consideration, augmenting the west entrance at 

Mesquite, to provide better access from Interstate 580 and the northern and eastern parts of Livermore. 

It is estimated that this entrance would require the purchase of a strip of farmland 335 m long by 37 m 

wide. 

2 . 1 .7 .2.  New Facilities: Facilities. The following paragraphs describe proposed major 

new facilities at LLNL, Site 300, and SNLL. With the exception of those effects typical of 
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construction, it is anticipated that none of these will have �ignificant environmental impact. Each 

proposed project will be examined , analyzed, and evaluated in relation to the policies, objectives, and 

requirements of CEQ (40CFR, 1500-1508) and DOE Guidelines for Compliance with NEPA (FR 45, No. 62, 

pp. 20695-20710, March 28, 1980) . 

2 . 1 . 7 . 2 . 1  LLNL--Bioenvironmental Office and The proposed 

Bioenvironmental Building will be located on the east side of the main laboratory/office building 

(B-361) . The project consists of a separate 3960-aa
2 

two-story laboratory/office building, and
·

a 

single-story 418-m
2 

library/office addition to the existing building. These facilities will provide 

for the consolidation of programs and relieve overcrowding. 

2 . 1 . 7 . 2 . 2 .  LLNL--Laser Fusion Addition. Building 391, which currently houses the laser 

fusion test facility SHIVA, will be expanded to accept the SHIVA upgrade called NOVA. The addition 

will be approximately 10,700 m
2 

gross floor area and the facility will be used to further investigate 

inertial confinement fusion techniques . 

2 . 1 . 7 . 2 . 3 .  LLNL--Fusion Building 298, which will be 

programmatically associated with Building 391, will house the Fusion Target Development facility. The 

facility will consist of a single-story building with approximately 5400 m
2 

gross area located 

northwest of Building 391. This facility will be used as a central location for fusion target 

fabrication, characterization, and assembly. 

2 . 1 . 7 . 2 . 4 .  LLNL--Laser Fusion Office This two-story structure, Building 481, will have 

a qcoss floor area of 5100 m
2 

and will house 200 scientific and other personnel associated with laser 

fusion research. Many of these workers are presently housed in temporary buildings directly south of 

Build ing 381. Building 481 will be east of Building 381 and an upper-level enclosed corridor 

connecting the two is planned . 

2 . 1 . 7 . 2 . 5. LLNL--Laser This facility, Building 482, will provide a 

multistory structure totaling approximately 8400 m2 of gross area to be located east of Building 381 

(Laser Fusion Office Building ) .  Work in this facility will permit the investigation of new 

uranium-enrichment processes. 

2 . 1 . 7 . 2 . 6 .  LLNL--Materials R & D The Materials Research and Development 

Facility (MRDF) , Building 235, is proposed in order to expand and consolidate R & D efforts in the 
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weapons related areas of metallurgy, plastics, and inorganic materials. The project includes a new 

facility to be located east of existing Building 231 and north of Building 239. The MRDF has a gross 

2 area of 6800 m and will provide laboratory and office space for 179 people . 

2 . 1 . 7 . 2 . 7 .  Core II The MSC-II will be a T-shaped 

2 
structure of 10,220 m and will house Data Processing, Business Services , Procureaient, Accounting, 

Forms and Records, and Mail Services for the Laboratory. The facility will have three floors, and will 

be located north of Building 551 (Core I) . 

2 . 1 . 7 . 2.8. LLNL--Mirror Fusion Test Thia project provides for: (1) design, 

fabrication, and installation of added major components to comprise a large tandem mirror test 

apparatua1 (2) modifications of existing buildings to house and support a magnetic mirror fusion teat 

2 device1 (3) construction of a light laboratory bui1ding of approximately 1430 m and (4) construction 

2 of an off ice wing of approximately 3200 m • These proposed changes are an extension of the original 

MPTP concept scheduled for P'Y 1978-1981. 

2.1.7.2.9. B-351. The proposed HEAP, 

Building 351, will iaake it possible to integrate, centralize, and extend many high explosives (HE) 

activi�iea currently conducted at LI.NL. 2 
The new facility will contain approximately 8800 m , of 

2 
wh1ch 5600 m will be underground. REAP facilities located underground include spaces for HE 

storage, precision shot assembly and instrllllentation, contact and remote control of BB operations in 

support of test firings, enclosed firing chambers, and a high-velocity gas gun. The remainder of the 

facility will be above grade and will contain office, drafting, library, data reduction, and conference 

space for the HE program staff. The HBAF will be located north of Building 341. 

2 . 1 . 1 . 2 . 1 0 .  LLNL--Earth Sciences The proposed Earth Sciences Faci1ity will be a 

two-story structure with a floor area of a.bout 7400 a2• It will prov1de office apace and light 

laboratory apace for 275 people, including conference and auditoriua areas, library, computer centers , 

work areas, and other support areas. The building will be sited west of Building 151. 

2.1.1.2.11. LLNL--National Release Center This project will 

consist of approximately 2300 m2 of office space for 50 additional personnel, and space for computers 

and associated support equipment. NARAC ia a real-ti.me regional scale system for predicting the 

transport, diffusion, and deposition of radionuclidea released to the atmosphere. The proposed 

facility will be north of Building 151. 
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2 . 1 . 1 . 2. 12. LLNL--Nuclear Test The NTTC will be a multistory 

structure with laboratories and related offices located on the first floor and basement levels. The 

majority of the office facilities will be located on the second floor. The proposed new facility will 

have approximately 16,000 m2 of floor space, and will be located west of Building 111. The project 

provides part of the facilities which are required to meet the objectives of future test programs • 

2.1.7.2.13.  Phase 1. This project will provide a seven-story 

addition to the east side of existing Buildif\9 111. It will contain approximately 4200 m2 and will 

house 150 scientists and engineers. The building addition will support the future test program. 

2 . l . 7 . 2 . 1 4 .  LLNL--Non-Destructive Evaluation Addition This project provides for 

a three-story laboratory/office addition to Building 239 with basement levels which tie into the 

existing floor levels. 2 The addition will have approximately 4800 m of floor area. The basement and 

first-floor levels will provide space for radiographic applications and advanced studies in 

ultrasonics, laser holography, and radiation gaging. The second- and third-floor levels will be 

devoted to computer operations and off ices. 

2.1.7.2.15.  Diamond Machine The LODTMF will be a 

single-story structure with a total floor area of 1500 m2• The majority of the floor space (1020 m2) 

will be used for the Large Optics Diamond Turning Machine (LO�'l'M) , a new 75, 000-pound lathe which will 

be able to machine laser optics weighing up to one metric ton with an average accuracy of one-millionth 

of an inch. The remainder of the building will be used for offices, restrooms, supply rOOID, computers, 

and conference areas. 

2 . 1 . 7 . 2 . 1 6 .  Site JOO--Plash The Flash Radiography Facility at Site 

300 will meet present and future needs to gather more definitive information on the implosion behavior 

of modern nuclear weapons in order to optimize their design. The proposed FXR will be a two-story 

reinforced concrete building housif\9 a 15-MeV linear induction accelerator and related electrical 

equipment. Sufficient flux will be provided by the accelerator to penetrate any of the presently 

contemplated weapon designs which require high-density materials. The proposed facility will be 

coupled to Building 801A, but structurally separate to facilitate construction and to minimize 

operational conflicts. 

2.1.7.2. 17. Site Facilities The proposed WFP will provide 

increased capability to test, record, and evaluate new weapon configurations and support items, and 
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will correct equipment and facility limitations which have been noted over the past several years. The 

proposed actions include the construction of five new support buildings near existing facilities and 

modifications to Building 823B. The new buildings ace: 

• Building 823A, Office and Control Building. 

• Building 832E, Test Specimen In�pection Building. 

• Building 834M, Thermal Test Building. 

• Building 8360, Electrodynamic Exciter Building. 

• Building 854J, Oynamic Shock Test Building. 

2 . 1 . 7 . 2 . 18 .  Site 300--Advanced Test Accelerator The ATA Project will consist of a 

Control and Support Building, a Beam Tube Building having three sections (accelerator, beam transport, 

experimental tank) , and an adjacent bui�ding housing the power supplies and associated cables, 

diagnostic equipment, etc. A cooling tower will be constructed in the vicinity of the Control and 

Support Building. Electrical power will be supplied from the North Power Station. Cooling water will 

be supplied to the ATA from on-site wells. 

The ATA is a linear charged-particle (electron) accelerator and will be used to investigate 

particle beam theory aad operating parameters. 

2 . 1 . 7 . 2 . 1 9 .  Site This facility will be located 

in the explosives processing area and will provide approximately 1500 m
2 

of space. It will have 

eight explosives machining and inspection cells with four adjacent control rooms, a double magazine, 

and a storage, handling, and support building. 

2 . 1 . 7 . 2 . 2 0 .  Facilities Addition. This project is to provide 1200 m2 of. 

additional computer facilities space contiguous to the existing 1338-m
2 

underground computer 

facility. The increasingly sophisticated weapon development responsibilities as well as newer 

activities (e.g . ,  safeguards, solar energy, combustion research) will place increasing demands on 

Sandia computing capabilities. The SNLL plans provide for an orderly growth in computer capabilities 

to match this demand. 

2 . 1 . 7. 3 .  Site Plan. In 1968, a long-range development plan was prepared for 

�LNL. This plan addressed the overall development pattern, on-site zoning, the reorganization o f  

existing areas, and the function of future areas. In the years since its adoption the plan has 

continued to provide basic guidelines. Many of the details of the plan have been altered to reflect 

the changing needs of the Laboratory, but the basic criteria have remained unchanged . 
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Table 2-1. 

Sample 

Air 

Soil 

Sewage 

LLNL environmental monitoring sampling and analysis schedule. 

Location 

LLNL perimeter 

Liv. Valley 

Site 300 

Liv. valley 

Site 300 

LLNL 
effluent 

Analysis 

Gross alpha 

Gross beta 

Gamma scan 

238
Pu, 

239
Pu 

137
cs 

23s
u1

23e
0 

Be 

HTO 

Gross aJ.pha 

Gross beta 

238
Pu , 

239Pu 

Gross alpha 

Gross beta 

Gamma scan 

238
Pu,

239Pu 

137
cs 

235
u ,

23e
0 

Be 

Gamma scan 

238
Pu , 

239Pu 

Gamma scan 

238
p 

239
p u, u 

Gross alpha 

Gross beta 

KTO 

137Cs 

239Pu 

Cu, Cr 

F 

Collection Number 
frequency collected 

Weekly 6 

6 

• 6 

• 6 

• 6 

6 

• 6 

Monthly 6 

Weekly 10 

• 10 

l 

10 

10 

• 10 

10 

• 10 

10 

• 10 

Annually 20 

20 

• 11 

11 

Daily l 

Daily 1 

l 

l 

l 

l 

l 
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Analysis 
frequency 

Weekly 

• 

Monthly composite 

• 

• 

• 

Weekly 

• 

• 

Annually 

Daily 

Daily 

• 

Monthly composite 

• 

• 

235 239
U, U

239
Pt...

239
Au

239
Pu,

239
Pu

233 239
U, U

239 239
Pu, Au

137
Ca

239
MA



Table 2-1. (continued) 

COllection Number Analysis 
Sample Location Analysis frequency collected frequency 

BOD, COD, N, 
Hg, Se, CN, B Quarterly l Quarterly 

Site 300 BOD, COD, N 
Hg, Se, CN, B ,  
etc. • • 

Liv. Water 
Reclaaation 
Plant 
ef tluent Gross alpha Daily l 

Gross beta • l • 

HTO Daily l 

137Cs • l • 

239PU 1 • 

Water Liv. Valley Gross alpha Quarterly 8 Quarterly 

Gros a beta 8 

H'1'0 8 • 

Site 300 Gross alpha • 3 • 

Gross beta • 3 

HTO • 3 • 

!fella Groaa alpha • s 

Gross beta s 

H'l'O • s 

Wells Gross alpha Monthly 2 Monthly 

Gross beta 2 • 

H'l'O • 2 • 

Vege- Livermore 
tation Valley BTO • 10 • 

Site 300 HTO • 8 • 

Milk Livermore 
Valley Ga.maa scan • l • 

H'l'O • 1 • 

TLDa LI.NL per ill. Quarterly 12 Quarterly 

LiverllOre 
Valley • 41 • 
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The lonq-ranqe Site Oevelopn1ent Plan introduced the curv1nq, l?Op road pattern. Within the pattern 

established by these roads, the c.LNt. site was zoned
· 

accordinq to P')pulat�on and function. The core of 

the Site, enclosed by the inner loop road, was zoned for qeneral [.aborat?ry-supp:>rt functions such as 

the Business Office, Technical Information, Plant Enqineer inq, and the unclassified Computer Center . 

Betw-n the inner and outer loop roa!H were sites for the various proqraimatic ofti<?&S and labotatories. 

Prior to 1968 existinq buildinga were often surrounded by a sea of asphalt. Reorganization 

usually involved establishinq a service yard that waa COlllllOn to all facilities in the block. Portions 

of each block were zoned for liaited autOllObile parking and for pedestrian access. Landscaped qteen 

belts that tan through several of the blocks contained pedestrian/ bicycle pathways . Formal 

landscaping was limited to main entrances to buildings. 

The Laser Proqram area is the first new proqramaatic area developed in accordance with the 

function unit concept of the long-range plan. The Laser l"Usion Research Facility (Buildinq 381) and 

the Righ-!nerqy Laser Laboratory (Buildinq 391) were the first two installations. euildinq 381 in 

particular was designed for additional buildinqa toward the east. 

tnnq-tanqe plans at SNLL include a labotatory buildinq adjacent to the colllbustion tesearch 

facility on the east side of Building 912. The construction site selected for this facility foll?Ws 

the qeneral plan of locatinq offices and laboratories in a gtouping near the front of the ptoperty, 

while the test facilities ate located at a qreater distance frOll the street. 

2 .  l . 8 .  ENVIROM«ENTAL MONITOR1NG 

2 . 1 . 8 . 1 .  Genetal. Con tamination control effotts at c.LNL and SNLL place 111aximum emphasis on 

controllinq effluents at the soutce . Because of the ptoximity of the two labotator ies, the 

�nvironmental monitoring ptoqra• maintained by LLNL setves to determine the effectiveness of conttol 

measures at IY.>th sites. The LI.NL 1110nitotinq proqtam uses analytical techniques capable of detectinq 

the activity of numerous radionuclides in the envitonment at natural backqround levels. At present, 

the radionuclides of concern include the transuranic elements, products of neutton activation, fission 

products, and tritium. Table 2-1 shows a sa•plinq schedule indicating the frequency and numbet of the 

�atious samples collected . 

The results of this monitorinq ptoqram are repotted to DOE on an annual basis. 2-1 The 1980 

Ann�al Report is included as Appendix 2A. The ptoqta. includes the analysis of vari?us types of 

environmental samples that have been collected within the LiverJDOre Valley and Site 300. 

The followinq is a sunaary ?f the C\lrrent proqram to indicate its breadth and scope . Chanqes ate 

expected as knowledqe i.n specific areas incteases and as the specific ?perations are chanqed. 
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2.1.s.2. Air Particulate air samplinq is conducted with 16 continuously operating air 

sampling stations strat�ically located �it.bin 16 km of the Livermore site. filters are changed weexly 

and are subjected to gross alpha, gross beta, and gaaaa spectral analyses. Some of these filters also 

d radiochellll· cal 1 f 2 38P 239P l37c un ergo ana yses oc: u .  u. s .  • 

Trit.iated -ter (B'l'O) in air 11eaaure•nta ace made at. LLNL pert-ter locations and east. and west 

of � TRL. Mater vapor I.a collected in silica qel suiplers. The -ter collected is recovered by 

freeze-drying and t.be B'l'O is 11eaaured by liquid scintillation counting. 

2.1.8. 3 . Water The water s.apl inq pcoqra• is d .. igned to 1110nit.or t.be effectiveness of 

P">llution control ... aaurea at. t.he Liver110re site. SUcface sources such a• pond s ,  creeks, arroyos , and 

reservoirs are sa11pled at. quartec:ly intervals. Site JOO water samples ace collected from on-sit.8 

wells, sprinqs , and ponds . Rainfall s411Ples are composited at. lllOnt.hly intervals duc:inq the rainy 

season, usually froe November through Apri l .  Municipally operated wells plus purchased water frona 

Alameda County Flood Control and Water Conservation District zone 7 are sources of domestic water for 

the cities of Livermore, Pleasant.on , and Dublin wit.bin t.be Livermore-Alllador Valley. Wat.er sold to 

California Wat.er Service, which serves t.be City of Livermore, comes from the South Bay Aqueduct.. 

Purch .. ed water foe: Pleasanton and Dublin may be supplied either from ZOne 7 well fields in the area or 

from the aq\leduct . Water saaplff are routinely collected from t.be Patterson Rltservoir, which is fed by 

t.be South Bay Aqueduct. Aa Put. of LLNI.'s groundwater quality monit.orinq proqra., a number of on-site 

wells have been drilled. Analysis of water from these wells will docu•nt any potential impact the 

Liver1110re operation 111ight have on local groundwater quality. Annual sa•ples are also collected fr-,m 

Zone 7 wells throughout the Valley, Radioactive measurements made on these samples demonst.rate that 

the Livecmoce site has no measurable !.mpact "" drinking water in the Livermore Valley . The maximum 

radi,,act.ivity found in any of these samples was 6 . 8 t  ?f the concentration guides found in OOE Ocdec 

5480 .lA. Appendix 2A, the ntal aionitoring report. for 1980, contains the moet recent cesults 

,,f these measur ... nt.s. 

Surface drainaqe from the Livernr.>ce Valley flows westward in sevec:al arcoyoa that. feed Alameda 

Creek, which discharges into the san Francisco Bay. Aquifers in the Niles Cone area ?f Alallll!da C-Junty 

are re<:harged by watec fee. Alallleda Creek. These aquifers serve as a do.estic vat.er sour� for the 

<;ily of PcelQOftt, (See Piq 2-2) . 

The Livermore site ' s  sanitary waste is tceated at the City of Livermore's Water Reclamation Plant 

(LWRP) , a 200-liter/s tertiary sewaqe trea�nt plant that serves residential, co111111ereial, and 

industrial water users in Livermore. The salt o?ntent of the LNPR effluent presented a problem for 

both Local gr?undwat.er quality and that of the Niles Cone aquifers. Accordingly, aa part of t.be 

Livernioce-Aalador Valley Wastewater Management proqraJ1, a pipeline was constructed to transport. 
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wastewa.ter out of the valley with discharge into the San Francisco Bay. The Livermore sewage plant was 

connected to this pipeline on February 8, 1980. Prior to the pipeline the IAraP effluent was used for 

i rrigation of municipal property; any excess was discharged to the nearby Arroyo Las Positas. Because 

this effluent contains low levels of tritium arising from normal Livermore Site operational releases to 

the sanit.ary sewer system, tritiua measurements have been made on weli-water samples collected near the 

LWRP. The average concentration was less than . 07\ of the DOE 5480.lA concentration guide. All 

concentrations were well below the guide. 

Results of the most recent measurements are contained in Appendix 2A. Although the LWRP effluent 

is still used for Sllllllller i rrigation of municipal property, it is no longer discharged to the arroyo, 

thus eliminating the principal means of tritium movement to nearby ground water. 

2.1.8.4. Sever Effluent Sewer effluents from SNLL and LLNL are combined and the combined 

flows aze continuously monitored for pH and radioactivity before leaving the Livermore site at the 

northwest corner of LI.NL. Daily samples are collected of the combined effluent and the treated 

effluent from the Livermore Water Reclaniation Plant. These saraples are anaiyzed for gross alpha and 

3 238 239 137 . 
beta radioactivity and e, PU, Pu, Cs, and other selected isotopic analyses are done 

on a monthly coraposite of these samples. In 1977, SNLL also installed an e(fluent monitoring system 

that has the capability to continuously record its pB. During 1979, LI.NL installed an on-line 

2-2 
monitoring system for detecting metals in the sewer effluent using x-ray fluorescence·. 

2.1.8.5. Soil The environmental monitoring program includes an annual soil sampling 

schedule to measure the concentration of various radionuclides that have been deposited within the 

Livermore Valley or Site 300, either as a result of global fallout from past atmospheric tests or 

possibly frOC11 Livermore site operations. Analyses include those for plutonium, uranium, and fission 

products. COllected annually since 1972, these analyses are part of a surveillance program to document 

any changes in environ111ental levels of radioactivity that may have occurred, and to evaluate any 

increase that may have resulted from site operations. Appendix 2A contains a description of the 

procedures and the data obtained in 1980 as well as an independent check by the caiifornia Department 

of Health. 

When the program was begun, one of the objectives was to establish a data base for the 

concentration of those radionuclides near the Livermore Site and Site 300. Data for marunade 

radionuclides were expressed in deposition units (concentration per unit area) , so that the data could 

2-3 be compared with that of Hardy and Krey. Soil samples were collected to a depth of 25 cm, because 

it is implied when using deposition units that the sample has been collected to sufficient depth to 

account for essentially all the activity. Since 1972, when the objective has been to document changes 
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in concentrations, more shallow sampling has been employed. Sampling to a depth of l cm was first 

attempted , but i t  was found to be difficult to reproduce a 1-cm-deep sample under the wide variety o f  

soil conditions encountered in the field. Accordingly, in recent years all samples have been collected 

to a depth of 5 cm to reduce the error in sampling depth. 

The sampling procedure now used at the Livermore site is typical of procedures used at many 

n1Jclear facilities. The procedure is the procedure outlined by the �clear Regulatory Commission's 

Regulatory Guide 4 . 5 .  

Although resuspended respirable particles of plutonium in the air ace the most significant 

environmental impact, the procedures for determining the airborne respirable particle concentration 

from resuspension of cespirable particles in the soil is difficult and uncertain. 

There has been considerable interest in determining plutonium in the respirable dust fraction of 

soil according to the method developed by Johnson .
2-4 

Johnson ' s  method, which consists of sweeping the soil surface, has been criticized because the 

technique is not reproducible with respect to the depth of the sampling, and because the physical and 

chemical treatment following collection materially alters the particle size distr ibution from that 

found in the soi1.
2-5 

Airborne plutonium is 111easured at nine locations in the Liver1110re valley (see Appendix 2A) . The 

soil sampling is an indicator of changes in deposited plutonium. The method in use measures those 

changes 1110re reproducibly than is possible by the respirable dust method. 

2 . 1 . 8 . 6 .  and Milk Vegetation samples are collected from various locations in the 

Livermore Valley on a monthly basis, and are subjected to tritium analyses. Goat milk samples are 

collected monthly from some nearby farms , and are condensed and analyzed for tritium and gamma emitters. 

2 . 1 .8 . 7 .  Radiation Measurements. Thermoluminescent dosimeters (TLDs) are employed at 54 

stations foe measuring the radiation background in the near vicinity of the Livermore site. These 

dosimeters are read every three months. 

2 . 2 .  PURPOSE AM> NEED 

2 . 2 . l .  National Defense 

Nuclear weapons development has always been the largest program a t  both LLNL and SNLL. This 

development started with fundamental advances in nuclear weapon design in the 1950s, and range from the 
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early warheads to those currently being developed. These advances made the multiple independent 

reentry vehicle (MIRV) poss ible, which in turn provided the o.s. with a strong position in achieving 

international arms limitation agreements. The ultimate purpose of a vigorous nuclear weapons 

development program is the determent of nuclear war and political use of military force short of 

warfare in ways that are inimical to U.S. interests. 

2 . 2 . 2 .  other Activities 

Other activities undertaken at the Livermore site include: 

• Energy research and development 

• Biomedical research 

• Ce>11puter science 

• Graduate Center of Applied Science 

• Atmospheric Release Advisory Capability (ARAC) 

• Visitor 's Center 

2 .  2. 2 . 1 .  and Need. Since it was established in 1952, LLNL has maintained 

active programs aimed at improving the nation ' s  civilian energy position. Controlled thermonuclear 

research (CTR), now called magnetic fusion energy , started when LLNL was founded. In the early 1960s, 

LI.NL started to explore the laser approach to controlled ther1DOnuclear reactions. This experience , 

colUbined with the emerging national energy problem, led LI.NL in 1970 to expand its work to include 

other nonnuclear energy studies. 

2 . 2 . 2. 1 .1 .  Puaion The Lawrence Livermore National Laboratory is one of the 

pioneering centers of Magnetic Puaion Energy (MFE) research , which is a program exploring the 

generation of electricity through nuclear fusion in superhot hydrogen gases that are confined 

magnetically. 

The Livermore program is now focused on one of the major magnetic confinement methods , the 

•magnetic mirror . •  This approach has been under develoP119nt at LLNL since the early 1950s. One major 

mirror exper iment (the 2XII-B) is the most advanced in a series of machines that, for nearly 20 years, 

have provided important information on the behavior of hot hydrogen gas or plasma . Several recent 

experimental and theoretical breakthroughs have occurred that now put the mirror program in a position 

to take a major step forward. The principal issues of energy scaling, startup in a steady magnetic 

field, and control of microstability have all been addressed with favorable results. These n- results 
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give the greatest encouragement to date that the ultimate goal of a pure-fusion OT mirror reactor can 

be achieved , and ,they provide the basis for preparing for a OT burning experimental mirror reactor to 

be operational in the 1980s. 

To further the national MFE effort ,  and since the Laboratory had extensive experience in the use 

of large timesharing computational systems, Liver1110re was selected as the site of a national center for 

MFE computations. The center provides all D.S. MPE laboratories timesharing access to major computers. 

2 . 2 . 2 . 1 . 2 .  Laser The LLNL laser fusion progra111 recently passed a major milestone 

in obtaining direct experimental evidence that thermonuclear neutrons were produced in laser-driven 

implosions. During 1975 there was a stepup in target irradiation facilities--both the half-terawatt 

JANUS laser and the one-terawatt CYCLOPS became operational. In addition, a 30-TW facility, Shiva, 

became operational in 1977 and Nova , a 200-300-TW device, is under construction. 

In laser isotope separation, LLNL demonstrated the first macroscopic laser enrichment of uranium. 

More important for the future, LLNL researchers have demonstrated several other uranium-enrichment 

techniques utilizing economic ionization sources such as infrared lasers and electric fields. These 

enrichment techniques also apply to the isotopes of many other elements as well. It is expected that 

continued developments in these separation techniques will result in more efficient processes and 

processes applicable to a wider range of elements. 

2 . 2 . 2 . 2 .  and Need 

2 . 2 . 2. 2 . 1 .  Coal Gasification. When coal is heated in the presence of oxygen and 

steam, it gives off a mixture of combustible gases that are much cleaner-burning and much easier to 

transport than coal. LLNL has been engaged in a series of field experiments at its Hoe Creek, Wy�ming, 

test site to evaluate methods of gasifying thick seams of coal in situ (undergroun d ) .  After 

purification, these gases could be introduced into existing pipelines and used as a substitute for 

natural gas. 

2 . 2 . 2 . 2 . 2. Oil Shale By heating �il shale underground to about 40o0c, 

organic material bound in the rock structure decom�ses, forming shale oil, a petroleum-like liquid. 

The most valuable deposits of oil shale in the United States lie in Colorado ' s  Piceance Basin. This 

one basi� contains shale oil equivalent to about three times the proved oil reserves of the entire 

Middle East. LLNL is explor ing ways of retorting the shale underground. 
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2 . 2 . 2 . 2 . 3 .  Solar Alllerican industry burns the equivalent of 30 million barrels of oil 

annually just to heat water for chemical and manufacturing processes . Considerable oil can be saved by 

using solar energy to heat water. LLNL has designed two inexpensive solar water heaters for industrial 

use. 

The first type of solar heater to produce hot water is the shallow solar pond. Essentially, this 

is a large, flat, water-filled plastic bag with a black bottom and a clear top. The bag, 4 m wide and 

60 m long, is filled to a depth of 5 to 10 cm of water each morning. During the day, the water absorbs 

heat and reaches temperatures as high as 60
°

c (140°P) and is drained into an insulating tank at 

night. 

LLNL is also developing and testing a simple concentrating solar collector. It is an inflated 

cylinder of thin-film plastic with a clear upper half and an aluminized lower half, which serves as a 

reflector. This collector surrounds a horizontal pipe that is coated and insulated. Solar energy is 

concentrated into the pipe by the reflector. Water passing through the pipe is heated to l7o
0

c and 

is used either as hot water or flashed into steam. 

2 . 2 . 2 . 2 . 4 .  Metal-Air Power Cells for Automobiles. In the Ul"lited States, about 25\ of our 

national energy budget goes for transportation, with virtually all this energy coming from petroleum. 

Battery power for automobiles is being studied again because these batteries could be recharged by 

power plants operating on domestic coal or uranium rather than petroleum. The difficulty with 

conventional batteries is that they do not offer performance comparable to that of an internal 

combustion engine. 

A metal-air power cell converts chemical energy to electrical energy by oxidizing a replaceable 

negative metal electrode, Tests have shown that experimental aluminum-air cells offer high energy and 

power densities and suggest that they might provide the range, speed, and acceleration of conventional 

internal combustion engines now used in compact cars. 

LLNL is doing basic electrochemistry research developing an aluminum-a ir power cell and evaluating 

the potential of other metal-air cells in automotive propulsion systems. 

2 . 2 . 2 . 3 .  Biomedical and Environmental Research. The biomedical phase of this program, which began in 

1963, deals with the biophysics, genetics, and molecular biology of cellular toxicology. Chromosome 

aberrations, genetic mutation, reproductive biology, and cellular kinetics are the main emphases, with 

a heavy commitment to instrumentation development in biophysical cell studies. 

Benefits from biomedical and environmental research have resulted from a comprehensive study of 

the implications to man of radioactivity and other energy-related effluents in the biosphere. 
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Laboratory and field investiqations are being conducted in marine biology, terrestrial ecology, and 

atmospheric sciences . 

Specific benefits derived from biomedicai and environmental research at LiverlDOre include the 

following : 

• The discovery that the high-speed, laser-based flow systems could be applied effectively to 

chro1DOsome analysis and sorting has created a powerful new analytical tool. 

• A complementary image-analysis system for chr01110aome measurement, the locally developed CYDAC, 

reached the point of initial clinical applications--a prenatal diagnosis for a possible birth 

defect, and quantitative confirmation of a microscopic chr011C>a01111t defect in leukemia. 

• A research project established the extreme sensitivity of mouse germ cells to radiation damage 

caused by low levels of tritium1 the effort is now being extended to similar studies of the 

effects of energy-related environmental chemicals . 

• A substantial study was initiated using mammalian cell systems to develop new methods of 

identifying environmental chemicals which are mutagenic or carcinogenic. 

• A new project was begun to use fluorescent chemical tags for cellular enzymes which might serve 

aa indicators of the transformation of cells from the normal to the malignant state. The 

application of such indicators would be in cancer diagnosis and the detection of environ111ental 

carcinogens . 

• Analysis of crope, litter, soil and groundwater to determine cycling mechanisms for 

radionuclidea in the enviroruaent and to formulate IDOdela for predicting the dose to people 

returning to Enewetak Atoll in the Marshall Islands . These studies represent OOE's program to 

determine rehabilitation plans and long-term use for the Atoll. 

• Significant progress was made in the ability to understand and model such complex systems as 

man 's potential influence on the climate, the effects of chemicals on stratospheric ozone , 

rainout, and fallout, and the transport of toxic materials through the al:Jllosphere. In 

particular, this last project prompted a decision to establish the ARAC (see section 2 . 2 . 2 . 6 )  

computer network, based a t  Liver1DOre and connected to other DOB laboratories, for real-time 

prediction of the move11ent of such materiais in the event of a release . 

• A sophisticated , user-oriented air qua.lity model was ude available to the Bay Area Air Quality 

Manage-nt District for that agency 's use in making land-use decisions baaed on envirolllllental 

illlpect. 

2 . 2 . 2 . 4 .  Science . LLNL operates one of the largest high-speed computer facilities in the 

world . Thia facility is in continuous use, with nearly 500 terminals available for essentially 

siaultaneous computations by Laboratory employees under an LLNL timesharing system . 
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In addition to classified computations, these computers have been used in such programs as 

generating computer models of atmospheric pollution in the san Francisco Bay Area, studies of national 

transportation systems , and metropolitan traffic movements. 

2 . 2. 2 . 5 .  Graduate Center for Science. This graduate center , established at Livermore in 1963, 

is a unit of the College of Engineering of the tlhiversity of California at Davis. A total of 346 

graduate degrees (including both Masters and PhOs) have been awarded under the Department of Applied 

Science (OAS ) .  Approximately 25 LLNL staff members currently serve as OAS faculty members or lecturers. 

The school was initially located in classrooms on East Avenue near the southeast corner of the 

LLNL site. However , a new lOOO-m
2 

building is now in service in the northeast quadrant of LLNL 

adjacent to Greenville Road . Funding for the construction of this permanent facility was shared by the 

University of California and the Hertz Foundation . 

2 . 2 . 2 . 6 .  Release The Atmospheric Release Advisory Capability 

(ARAC) service directed by LI.NL has three main functions: (1) to provide support to designated OOE 

facilities during an accidental release of radionuclides; (2) to support the DOE Emergency Response 

Team in the event of potential or actual releases of radionuclides; and (3) to provide the Federal 

Aviation Administration (PAA) with dose assessiaents whenever aircraft could possibly intercept nuclear 

debr is clouds from foreign atmospheric nuclear tests. 

The ARAC central facility receives meteorological data from the Air Force Global weather Central 

(APGWC). In an accident situation the meteorological data collected nearest the accident site are used 

to predict cloud trajectories , concentrations, and population doses . At present ,  ARAC bas two-way 

communications with AFGlC , the LLNL computer center , four OOE installations, the DOE Emergency Response 

Team and the FAA. 

Following the Three Mile Island accident in March of 1979, ARAC assisted by generat.ing predictions 

of radioactive isotope distribution. This assistance was of paramount importance in the effective 

deployment of ground and aerial monitoring teams, and in estimating the time dependent source term by 

comparing close-in measurements with these predictions. 

2 . 2. 2 . 7 .  Visitors Center. A 232-�
2 

Visitors Center and badge service to unclassified LLNL areas was 

opened at the east (Greenville Road) entrance on July 31, 1976. Facilities include a theater and an 

exhibit hall. Approximately 15,000 people visit the Center each year. 
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2.3. CHARACTERISTICS OF EXISTING ENVIRO!MENT 

2 . 3 . l .  Distr ibution and Land Ose 

This discussion of population distribution in relation to the COB Livermore laboratories is 

intended to clarify the existing patterns of population density and changes in these patterns which are 

likely to occur in the Livermore Valley. The population density is described to a distance of 80 km. 

However, the description of the land use here is limited to the 1110re illllll&diate surroundings of the 

Laboratories where either the existing land use might be impacted by DOB operations or where changes in 

land use might affect these operations. The illll!IE!diate area probably does not extend beyond 16 km and 

becomes increasingly important as the boundaries of LI.NL and SNLL are approached . 

2 . 3 . l . l. On-Site of LLNL and SNLL. At the present time the on-site population of LI.NL, 

consisting of employees, contractors, outside agency personnel, and visitors, is between 7000 and 8000 

persons. SNLL has approximately 1000 persons on site. The total nusaber of persons on site varies 

according to the time of day and the number away from their norinal work areas (on sick leave , vacation, 

travel, etc . ) .  

2 . 3 . 1 . 2. Within 1 6  Kilometers of Facilities. The COE Livermore laboratories are abutted on 

all sides by agricultural land with low residential density. The nearest urban residential area is 

0 . 8  km from the west perimeters. There are a few homes at the Laboratory's boundaries. The city 

limits of Livermore, however, presently extend to the west side of these Laboratories, and future 

development may bring urban densities closer . The Livermore General Plan, 1976-2000, envisions 

continued industrial development to the north and east, and a residential population l)f approximately 

9500 in the 2 . 6-km
2 

area immediately to the west of LI.NL. The foothill areas to the east and south 

of the Laboratories will remain agricultural. 

Figure 2-8 shows the immediate environs of the COE Livermore laboratories and residences within 

1 . 6  km Qf the approximate center of the properties. A similar 3 . 2-km radius would include only 

agricultural land except for the portions of Livermore urban and Alameda County unincorporated 

residential development to the west , and an area of light industrial development to the northwest along 

North Vasco Road. The region north of the Southern Pacific Railroad is part of the City of Livermore 

and is presently zoned for future commercial/industrial development, Estimated populations by sectors 

?f direction and distance to a distance of 16 km from the COE Livermore laboratories are given in 

Fig. 2-9. This figure is based on the 1970 census . The present population is about lSt higher. 
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Figure 2-8. Immediate environs of the IX>E Livermore laboratories. Large circle 

represents a 1 . 6-km radius from the center of the laborator ies. Small circles 

represent dwellings within or near the 1 . 6-km radius. 
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Figure 2-9. Estimated population distr ibution within 16 km of LLNL and SNLL 

(1970 census data) .  
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2 . 3 . 1 . 3 .  Extended The regions to the west of LLNL and SNLL are the lllOSt heavily 

populated, with the City of Liver1110re (50,000)* extending frOll 3 to 10 km west and partly to the 

north. Pleasanton (36,000),* Dublin (15,000 ) , *  and San RalllOn (21,000)* are the only other urban 

concentrations in the Livermore-Amador Valley, but just over the low ridges to the west are the densely 

populated san Prancisco-<>axland and San Jose urbanized areas. Other urban concentrations at siailar 

extended distances are Concord-Walnut Creek and Pittsburg-Antioch to the north, and the cities of 

Tracy, Stockton , and Manteca in the predoainantly agricultural Central Valley to the east .  

The hills ringing the Liver1110re Valley from the north toward Mt. Diablo through the east toward 

Altamont Pase and the south toward Mt. Hamilton are very sparsely populated . 

Pigure 2-10 shows estimated populations by 22. 5-degree sectors with 16-km radius increments to a 

distaAce of 80 km frOll the Livermore site. This distribution was derived by plotting data from the 

Association of Bay Area Government ' s  •projection 79• (April 1979) in which 1975 data were projected to 

1980. In naaking this projection, estillllltes of city census divisions in their respective geographical 

locations were utilized. Figure 2-11 shows a summary of these data. The total population within 80 km 

of the site is approximately 5 million. 

2 . 3 . 1 . 4 .  Population growth in the Bay Area, along with the rest of the state, 

has been at a greater rate than for the nation as a whole, at least since 1900. Before the 1940s, the 

major growth was in the close-in, or bayshore, parts of San Prancisco, Alameda, Contra Costa, Marin, 

and San Mateo counties. Since that time, the increase in number of places to work in new centers and 

an improved highway and rapid transit systelllS have led to the spread of medium- or low-density 

residential developn1ents (tract homes) to virtually all remaining areas where develoP1119nt and sales are 

economically feasible. Efforts by local and regional agencies to limit this growth through control of 

its rate or through planning for alternate land uses such as •open space• or continued agricultural use 

have not so far 1110dified this trend in any large sense. A recent Alameda County zoning ordinance 

limits the construction of new homes in the unincorporated areas of the eastern part of the county to 

sites of 0 . 4  km2 or more. There are a nWllber of pre-existing smaller hOlllesteads along Mines and 

Tesla Roads ; here a 0 .02 km2 limitation applies. This should tend to reduce change in the population 

of these areas, as long as they do not become part of an incorporated city. 

While the DOB Livermore Laboratories brought sot11e growth to the Liver1110re area when they began 

operations , an accelerated growth occurred during the 1960s when the area increasingly became a home 

for commJters to the large cities to the west. 'ttle most rapid growth in the Liver1110re-A111ador Valley 

* These population figures are frocn the Livermore, Dublin, Pleasanton , and san Ramon Chambers of 
Comnierce , 1979. 

2-37 

Regional Population.

Population Projections.

2-37



w 443 

N 

80 km 

1 

LLNL 

and 
SNLL 

23 

99 E 

Figure 2-10. Estimated population distr ibution (in thousands) within 80 km o f  

LLNL and SNLL (1975 population data projected to 1980 ) . 
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Figure 2-11 . Estimated population distr ibution by sectors (in thousands ) within 

80 km of LLNL and SNLL. 
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has been in residential dwellings, mostly of single-family type, but with some concentrations of 

two-story apartment houses. At present, light industrial develoP111ent is occurring in the Pleasanton 

and Dublin areas to the west. Such development has proceeded at a slower pace in the Liver1110re area. 

The voters of the Valley passed an initiative measure requiring future building per11its to be issued 

only when assurance could be given that the new construction would not overburden the capacities of 

water, sewage, or school services. 

Table 2-2 gives the 1970 o.s. Census populations of counties lying all or partly within 80 ka of 

the Laboratory, with projections for every decade to the year 2000. 

2 . 3 . 1 . S .  Land Use. The rural azeas of the Livermore-Amador Valley are occupied by vineyards, 

orchards, irrigated pasture, many small farms, and larger tracts devoted to graina and hay. The hilly 

terrain surrounding the valley is used for cattle and sheep pasture. Dairying is not intensive in the 

Livermore-Amador Valley, but is prominent in the San Joaquin Valley to the east. During 1979, 

1,900,000 chickens (broilers and fryers) were commercially grown in the Liver1110re Valley. 

There is a large complex of gravel quarries just east of Pleasanton. Numerous •inea in the 

surrounding hills are no longer active, but there are several producing oil wells located about 0.8 ka 
east of LLNL on Patterson Pass Road . 

The California Aqueduct and its facilities are important in the area. A branch, the South �y 

Aqueduct, carries water destined for the San Jose area around the east and south aarqins of the valley, 

passing very close to the southeast corner of LLNL and adjacent to the east boundary. The Del Valle and 

San Antonio Reservoirs to the south and southwest serve this aqueduct as reserve storage and watershed 

contributors. 

2 . 3 . 1.6. Routes . The major artery through the Livermore-Amador Valley is Interstate 

580, which feeds traffic from the Bay Azea to the Central Valley. With its connection to Interstate 5, 

it forms the major route between the Bay Area and Loa Angeles. The average daily vehicle flow is 

• 
4 8 , 500. The interchanges at Vasco Road and Greenville Road about 1 . 6  ka north of LI.NL serve as the 

major routes from moat points, other than Livermore, to the Laboratories. Interstate 680 connects the 

San Jose Acea with Interstate 80 a t  Cordelia, passing through Pleasanton and Dublin at the west end of 

the valley. 

*California Division of Highways ' estimate for I-580 at Pirst Street Interchange. 
traffic count for one year divided by 365. There are, of course , seasonal and daily 
especially due to the importance of this route for recreational travel. 
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Table 2-2. Projected populations of counties lying all or partly within 80 km of LLNL. 

Population 
Area (thousands) ,  ' Change, 

County (km2) l Urban 1970 census 1960-1970 1980a 1990a 2oooa 

Alameda 1898 9 9 . 0  1074 6 . 5  1116 1182 1263 

Contra Costa 1901 93 . 6  558 17.0 642 751 845 

Marin 1347 9 2 . 4  208 1 2 . 4  229 266 294 

Merced 5133 50.0 106 1 9 . 7  126b 154 177 

Napa 1963 58.0 80 27.5 99 110 118 

Sacramento 2544 9 5 . l  638 18.2 745
b 

877 976 

San Francisco 117 100.0 714 - 7 . 4  657 640 648 

San Joaquin 3649 76.9 292 13.0 317
b 

363 415 

San Mateo ll. 76 98. 2 557 6 . 4  584 615 658 

Santa Clara 3372 9 7 . 5  1074 25.0 1249 1390 1513 

Santa Cruz 1137 75.2 124 42.8 l76b 
248 310 

Solano 2141 9 3 . 0  174 14.3 223 322 379 

Sonoma 4090 58. 7 205 4 6 . 4  270 342 426 

Stanislaus 1295 70.l 195 20.5 250
b 

309 364 

Totals 31, 765 8 2 . 5  5999 1 4 . 2  6683 7569 8386 

a These projections are based on data in •projections 79, • published by Association of 
Bab Area Governments, April 1979. 

From State of California Department of Finance, "Population Estimates of California 
Cities and Countie s , •  January 1979. 
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The Liver110re area is served by main lines of the southern Pacific and Western Pacific Railroads. 

As shown in Pig. 2-8, these lines pass just north of LLNL, but neither LLNL nor SNLL has spur tracks. 

Both lines carry freight only, with some 15 trains a day passing through the Valley. 

The Livermore Municipal Airport, 10 km west of the Laboratories, is the nearest public airport. 

It has a 1200-m paved runway with clear approach zones and runway lights. The Laboratory operates 

flight service with a Fairchild P-27 turbo-prop transport aircraft to the Nevada Test Site and other 

locations frOlll here. Nearby airports with scheduled airline service are Qakland, San Jose, San 

Francisco, and Stockton. 

2 . 3 . 2 .  Natural Surface Features 

'l'.lo arroyos (Arroyo seco and Azroyo Las Positas) traverse these properties. Arroyo Seco flows to 

the wes t across the Sandia site south of the office and laboratory area, northwest along the western 

edge of the property, and then crosses the southwest corner of LI.NL. Prior to the construction of the 

LLNL Building 113 Computer Complex in 1966, this arroyo crossed East Avenue and turned westward to a 

point now occupied by the multi-story portion of the building. To permit the present construction, the 

arroyo channel was diverted to the south, It now runs along East Avenue to a point west of the 

construction where it meets the original channe l .  

Arroyo La s  Positas originates i n  the LiverJDOre hills east of LLNL. It is normally dry most of 

the year . Originally, this arroyo crossed the northwest section of the LLNL site, entering from a 

point on Greenville Road between Patterson Pass Road and Lupin Way (formerly Do�therty Lane ) .  In 1965, 

as part of an erosion control program , the arroyo was rl)Uted to the corner of the project and then west 

along the north perimeter to an outlet at the northwes t corner. This outlet, which constitutes the 

principal pathway for LLNL 's surface drainage, runs north to the Western Pacific tracks , then westward 

where it joins Azroyo Seco. 

The LLNL Master Site Plan (discussed in 2 . 1 . 7 . 3 )  calls for the construction of a small lake in the 

center of the site. The principal flow of the Arroyo Las Positas (originating east of the site and 

presently channeled north to the northeast corner of the site as described above) will be then rero�ted 

to feed this lake during the rainy season . 

2 . 3 . 3 .  and 

Following the Apr il 1979 hearings on the draft BIS, the sections of the BIS dealing with geoloqy 

and seismicity were considerably expanded in recognition of the public interest in the seismic setting 
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of the Livermore sites. A site seismic safety program (Appendix 28) was initiated in January 1979 to 

identify and characterize geologic hazards at LLNL. 1'1e final report of that program and a public 

information meeting ace scheduled foe October 1982. 

2 . 3 . 3 . 1 .  Locations in the Livermore Valley ace subject to ground 110tions fre>111 large seismic 

events on the san Andreas, Hayward, and Calaveras Pault.s, which ace the major known active faults in 

the san Francisco Bay area. 

The san Andreas Fault is capable of very strong earthquakes of which the best known example was 

the San Francisco earthquake of 1906, of magnitude 8 . 3 .  Activities on the Hayward (passing through 

Hayward in a �-SE direction) Fault have probably produced seismic magnitudes of up to 7 .5 .  

Along the east side of the Livermore Valley closer to the Livermore sites is the active Greenville 

fault. 1'1e largest recorded (or remembered) earthquake in the eastern Liver110ce Valley area occurred 

during a sequence of earthquakes on the Greenville fault in January and Pebcuacy 1980. This earthquake 

had a magnitude of 5.5 to 5 . 9 .  Several smaller faults have been observed in the Livermore Valley. The 

closest of these is the Las Positas fault, which passes through the Sandia Livermore site from 

southwest to northeast .  This fault shows evidence o f  some late Pleistocene and possibly Holocene 

activity. Several other faults have been identified but they ace believed to be inactive. 

Seismic hazards have been estimated during past investigations of ceg1onal and local seismicity. 

John A. Blume and Associates, a professional engineering firm, concluded that the maximum hazard would 

be from a magnitude 5 . 7  earthquake on a nearby strand of the Tesla fault at a location about 2 . 5  miles 

from the site. Other engineers concluded that a somewhat larger 111agnitude 6 . 5  eact.hquake on the Tesla 

fault would constitute the maximum hazard. Seismic hazards associated with the Greenville and Las 

Positas faults ace currently being investigated. 

Future earth
.
quakes would cause damage mainly through the ground acceleration forces they create, 

with the most serious damage resulting from accelerations at frequencies to which structures are 

resonant. High-frequency instrumental peak accelerations perhaps as high as l . 25g would have minor 

effect. The maximum horizontal sustained accelerations would cause the greatest damage . The estimates 

of these maximum accelerations range from 0.5g to 0 . 8 g .  

The critical facilities a t  LLNL and SNLL have been examined and strengthened (or ace being 

strengthened ) so that accelerations as large as 0.8g would not destroy the confinement integrity even 

though the operational capabilities might be damaged . 

2. 3. 3 .  2. LLNL and SNL.L ace located in the southeastern portion of the Livermore 

Valley. The Livermore Valley is an east-west trending topographic and structural depression cutting 

across the structural grain of the Central California Diablo Range . 
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The Diablo Range consists predominantly of highly deformed nHttamorphic and igneous rocks of the 

Jurassic-Cretaceous Franciscan assemblage. The range is generally bounded on the west by the active 

San Andreas Pault system and on the east by the ancient Coast Range Thrust Pault system as shown in 

Pig. 2-12. 2-6, 2-7 The San Andreas Fault is a right-lateral strike-slip fault system along which 

slip is occurring between the oceanic Pacific Plate of the earth's crust and the continental North 

American Crustal Plate. The Coast Range Thrust Pault system iaarks the location of an extinct 

subduction zone along which rocks of the Pranciscan Assemblage and marine aedi•entary rocks of 
2-7 Cretaceous through late Tertiary age are now juxtaposed. These niarine sedimentary rocks are 

exposed in the Alta1110nt Hills east of LLNL and SNLL where they consist dominantly of sandstone, shale, 
2-8 and claystone with minor amounts of conglomerate, tuft, and coal-bearing strata. 

Western Central California is a tectonically active region as demonstrated by historic 
. 2-9 . 2-10 se1smicity and active deformation . Major active faults in the region include the San Andreas 

Pault and two of its major branches, the Hayward Pault zone and the Calaveras Pault zone. The 

locations of these faults with respect to LLNL and SNLL are shown in Figure 2-12. Data concerning the 

extent of these faults, maxillllllll credible earthquakes, and anticipated resulting bedrock accelerations 

for the LLHL and SNLL sites have been compiled and are presented in Table 2-3. 

2.3.J.3.  in of LLNL and SNLL 

2.3.3.3.1.  �· Livermore Valley itself is underlain by up to 4000 ft of predominantly 

continental alluvial deposits of late Tertiary and Quaternary age. 2-12 These sediments consist of 

interstrati.fied, lenticular and locally cemented, clay, silt, sand and gravel. Some tuff beds occur 

near the base of the section. Hydrocarbon exploratory well P-1, located about 1000 ft west of SNLL as 

shown in Fig. 2-13, penetrated approximately 2420 ft of these materials before reaching •basement• 
2-13 rocks of the Franciscan assemblage. 

The California Departlllent of water .Resources (CDWR) recognized some areal variations in the 

composition of the alluvial deposits beneath Livermore Valley during their studies of the ground water 
2-12 2-14 resources of the Valley area. ' Beneath the eastern portion of the Valley, near LLNL and 

SNLL, well logs show that the alluviua is highly heterogeneous, the result of deposition from many 

small streams. In the southern portion of the Valley, adjacent to present-day aajor stream channels , 

the alluvial deposits consist dominantly of sand and gravel. This portion of the Valley is a major 
2-15 ground water recharge area. In the western portion of thfl ·:alley, these gravel beds alternate 

with thick deposits of lacustrine clay, while the alluvial depv.:H'J alonll the northern margin of the 

2-44 

2-7

Geology Vicinity



Table 2-3. Seismic hazard data for major regional faults. 

Fault 

San Ancireas 

Hayward 

Calaveras 

a From Ref, 
b From Ref, 

Leng tha 

(km) 

1200 

7 2  

115 

2-9. 
2-11. 

Maximum" 

earthquake 
(M) 

a . 5  

7 . 0  

7 , 3  

2-45 

Closest approach 
distance 

(km) 

58 

3 2  

1 7  

Bedrockb 

acceleration 
(9) 

0 . 4  

0 . 3 5  

0 . 5  

Closest approach
distance

Prom Net.
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Figure 2-12. Major fault zones of the San Francisco Bay area. The great San 

Andreas zone , lying to the west of the Bay, is one of the chief tectonic features 

of the earth. It is capable of very strong ear thquakes--for example, the San 

Francisco earthquake of 1906, of magnitude 8 . 3. The Hayward and Calaveras zones , 

lying between the Livermore Valley and the Bay, are parts of the San Andreas 

system, branching off from the main fault some distance south of the Bay. These 

faults, too, are active and have produced strong earthquakes, probably up to 

magnitude 7 . 5 .  The Greenville, Tesla and Ortigalita Faults, located to the eas t 

o f  LLNL, may be the remnants of the Coast Range Thrust Fault. The Livermore 

Valley earthquake sequence that began on January 2 4 ,  1980 gives evidence that 

these faults are per iodically active. The Verona , Livermore, and Las Positas 
. 

Faults are additional elements in Livermore Valley geology, although their 

tectonic significance is uncertain. 
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Valley are predominantly fine-grained and represent deposition from small streams draining from the 

hills north and east of the Valley.2-12• 2-14 

Ruey2-B subdivided these Late Tertiary and Quaternary sediments into an older unit, the 

Livermore Formation, and younger Quaternary terrace deposits and undi fferentiated alluvium. Herd2-16 

remapped the eastern two-thirds of the Livermore Valley and proposed additional subdivisions. Be 

mapped the older, frequently deformed, alluvial deposits as the Livermore Formation and recognized four 

subdivisions of the Late Quaternary alluvium based on soil series, soil profile developnent, and 

correlations of terrace surfaces. Herd regarded recent floodplain alluvium and stream gravels as 

Holocene materials based on their deposition by the modern stream regimen. 

LLNL and the northerly portions of SNLL have been cons tructed on a gently northwest-sloping land 

surface. The surface is underlain by alluvial deposits mapped by Herd as Holocene and late Quaternary 

in age. Logs of exploratory holes drilled for building foundation studies and drillers ' logs from 

cathodic protection and water wells on the LLNL site reveal a heterogeneous assemblage of alluvial 

deposits cons istent with the regional findings of the CDWR.2-12• 2-14 

The southern portion of the SNLL site is hilly: mapping by Heed interprets this area as underlain 

2-16 by older alluvial terrace deposits and deformed beds of the Livermore Formation. These two areas 

of contrasting physiography and stratigraphy are separated by a prominent break in slope that extends 

northeast-southwest across SNLL and adjacent areas. 

2 . 3 . 3 . 3 . 2. �· The active Calaveras Fault bounds the western margin of the Livermore 

2-13 Valley and the Greenville Fault zone, whose activity was clearly established by the earthquake on 

2-17 January 24 ,  1980 ,  bounds the eastern margin of the Valley. In addition to these principal 

geologic structures, various investigators have located or postulated 14 additional named and numerous 

unnamed minor faults beneath Livermore Valley and adjacent areas . 2- 8 •  2-12• 2-l3 , 2-16 Fault 

locations have generally been based on surface mapping, interpretations of air photos and well logs, 

and recognition of presumed ground water barriers. Some geophysical studies have been performed but 

field work has generally not included exploratory trenches or boreholes except in the western Livermore 

Valley, where the Calaveras Fault has been extensively studied as a result of the mandate of the State 

of California's Alquist-Priolo Act .2-18 A study by URS/Blume and Associates2-19 included the 

excavation of ten trenches within SNLL across locations of the Las Positas Fault as mapped by 

HP.rd2- 16 and the second strand of the Tesla Fault as mapped by Blume and A.ssociates . 2-13 

Because of ambiguities in available indirect data and poor exposures in important areas, differing 

interpretations of the Valley fault pattern have been offered by past investigators .  Two examples of 

these differences are shown in the fault maps of Blume and Associates and Recd, presented as Figs. 2-13 

and 2-14 , respectively. 
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1 n · order to resolve these ambiguities and obtain a more precise understanding of the geology of 

the Valley, LLNL geoscience personnel have reviewed all available geologic literature pertinent to 

Valley geology and tectonics, performed regional field reconnaissance studies, and conducted an 

extensive progra� of exploratory trenching and detailed mapping of key exposures within and near LLNL 

and SNLL.
2-20 As a result of these reviews and detailed studies, the following summary o f  geologic 

hazards has been developed foe the area surrounding LLNL and SNLL, 

2 . 3 . 3 . 3 . 3 .  Evidence for Active Faults. As previously stated, historic seismicity and geologic 

evidence for displacement of Holocene materials demonstrate the activity of the Calaveras and Greenville 

Fault zones. Discontinuous surface faulting occurred during the January 2 4 ,  1980, ear thquake on the 

Greenville Fault zone and additional sur face effects were noted following a strong aftershock on 

January 26, 1980. 
2- 21 

As documented by Bonilla and others, the zone of surface rupture extended from 

the vicinity of the intersection of Greenville Road and I-580 2 . 6  km north of LLNL northwest foe 

approximately 6 . 4  km to a point west of North Vasco Road near the Alameda-Contra Costa County line. 

W>vements along the main Greenville Fault and several of its branches were observed within the zone. 

The sense of relative movement varied from place to place and the maximum offset observed was about 

70 nun .  Tokarz and Shaw
2-22 

have estimated the ground acceleration at LLNL during the January 2 4 ,  

1980 earthquake as 0 . 2-0.3g. 

Geologic evidence developed durinq LI.NL field investigations indicates late Quaternary and 

possibly Holocene displacement along a portion of the Las Positas Fault zone mapped by 

Herd.
2-16

• 
2-2o 

Oblique sl ickensides on a shear exposed in a stream bank outcrop on the southwest 

side of the Arroyo Seco within SNLL property indicate strike-slip movement (location X in Fig. 2-1 4 ) .  

14 
A C age date of 1 7 , 4 0 0  � 250 years was obtained for a wood sample preserved in displaced, locally 

altered, alluvial deposits exposed in exploratory trench E-3 excavated across another strand of the Las 

Positas Fault zone (location Y in Fig. 2-14 ) , The horizon from which the wood sample was obtained was 

located near the bottom of trench E-3 but evidence for displacement of overlying, younger beds 

including an unaltered, fresh-appearing, gravel horizon was observed i n  the trench. 

The Las Positas Fault zone appears to cross SNLL along the break in slope that separates the hilly 

southern portion of the site from the nearly flat, gently sloping area to the north. URS/Blume and 

A . 2-19 
d . l h "  ssoc1ates excavate nine exploratory trenches a onq t is slope break and repor.ted evidence for 

faulting in some of the trenches but not in others. 

The features mapped by Herd as establishing the extent of the Las Positas Fault �one are most 

evident in an area that extends roughly 2 km northeast and southwest from SNLL, However, Herd mapped 

the fault as extending about 3 km northeast and about 12 km southwest of SNLL along the southern margin 

of the Livermore Valley. 
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Displacements of late Pleistocene and Holocene materials have occurred along strands of the Verona 

Fault zone in southwestern Livermore Valley although the nature of movements along this fault is 

unclear. 2-23 

There is evidence for local displacement of Quaternary materials along the Carnegie, Livermore, 

2-12 2-2 4  2-20 Williams and Valle Faults ' and possibly the Patterson Pass Fault. 

Direct geologic evidence is lacking for activity along other faults projected beneath the 

Livermore Valley by previous investigators and some of these faults may not exist at all. However , 

indirect evidence such as interpretations of well logs, possible ground water barriers, and geophysical 

data suggest that several may be present in older materials. 

Exploratory trenching studies by LLNL geoscientists do not support the existence of the Doutherty 

and Corral Hollow faults in later Quaternary materials, which are present across the locations mapped 

by previous investigators. 2-12• 2-l4, 2-20 These trenching studies have also found no evidence for 

the existence of Strand 2 of the Tesla Fault as projected toward LLNL and SNLL by some previous 

investigators .  The exploratory trench across the mapped trace of Strand 2 of the Tesla Fault was 

excavated in late Quaternary terrace and alluvial deposits and exposed unfaulted beds of the much older 

Livermore Formation along most of its length . 

2 . 3 . 3 . 3 . 4 .  Other Hazards. Review of existing geologic and geotechnical data for the 

LI.NL and SNLL sites indicates that the possibility for secondary seismic effects such as soil 

liquefaction or similar phenomena is remote. The presence of dense, poorly sorted materials beneath 

LI.NL and SNLL and the position of the water table at depths generally in excess of 16 m support this 

judgment. No instances of ground failures that could be attributed to liquefaction or related 

phenomena were observed in Livermore Valley following the great San Francisco earthquake in 19062-25 

and none were noted following the January 24, 1980, event. The nearly flat land surface that underlies 

LI.NL and most of SNLL precludes the possibility of large-scale landsliding within the two 

Laboratories. Such minor erosion and slumping as may occur along stream or ditch banks or in the hilly 

southern portion of SNLL as a result of severe storms would be local in extent and readily mitigated 

before any possible structural hazards could develop. 

As discussed in the program and work schedule for the LI.NL Site Seismic Safety assessment 

presented in Appendix 28, some additional geological studies have been deemed necessary or desirable as 

part of the review and improvement of the Design Basis Earthquake for LLNL facilities. These 

investigations include field mapping along the Greenville and Las Positas Fault zones and in other 

selected areas. Additional subsurface exploration will also be conducted within LLNL. This work will 

be integrated with ongoing seismological, hydrological, and geophysical investigations. 
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2 . 3 . 3 .4 .  The largest eaxthquake i n  the immediate area occurred in 1861 and has been 

assigned a Richter magnitude of 6 . 0  to 7 . 5 .  Contemporary accounts indicate that the event was felt 

most severely in the town of Livermore, but these reports also indicate that the earthquake was located 

on the Calaveras fault system, probably in the San Ramon Valley. The largest instrumentally recorded 

earthquakes in the Livermore Valley occurred during the Greenville earthquake sequence of 

January-February 1980. The two largest of these earthquakes were accorded local magnitudes of about 

5 . 5  to 5 . 9  by the USGS and the u. c .  Berkeley seismographic stations. Epicenters for this sequence 

ranged between 2 and 20 km deep and were near faults in the Greenville system. Prior to these events , 

low-level seismicity had been routinely recorded in the valley since 1969 by the uses Nor thern 

California seismic net, but the events could not be unambiguously assigned to any of the postulated 

fault systems in the Valley. In the absence of positive evidence to the contrary, LLNL cons idered all 

mapped faults to be potentially active in the determination of the Design Basis 

2-11 2 26 
Earthquake. ' -

A local seismic net has been installed to complement the existing uses net and 

provide better information regarding seismic locations and fault mechanisms. 

2 . 3 . 3 . 4 . 1 .  Earthquakes have two ways of causing damage to structures: 

surface offset and ground shaking. Laxge shallow earthquakes may cause ground rupture which, if it 

occurs beneath a building, can damage i t .  The hazard due t o  surface rupture has been discussed in the 

preceding section on geology. 

The ground shaking results from seismic waves emAnating from the slipping fault. This ground 

shaking causes structures to vibrate. Depending on the intensity of shaking and the stiffness, 

strength, and resonant frequencies of the structure, damage could occu r .  The intensity and the general 

characteristics of the shaking at the site where the structure is located depend principally on the 

local soil conditions, the distance to the earthquake, and the earthquake magnitude. 

Therefore, in order to assess the seismic hazard for a structure, one must: 

(1) Determine the location of important active faults and/or regions of diffuse seismicity. 

(2) POstulate the maximum size (magnitude) of earthquake possible for each fault. 

( 3 )  Estimate the potential ground shaking at the building site for each earthquake. 

The methodology for estimating ground shaking due to earthquakes located on more distant faults , 

those greater than about 10 km from a site, is well established. For these faults , one begins by 

estimating the maximum possible magnitude of an earthquake on that fault, or the greatest amount of 

energy that fault can release in an earthquake. This is commonly estimated according to relationships 

between the observed magnitudes of earthquakes and the observed rupture lengths of the faults. In 

these studies the rupture length is the length of the portion of the fault that has slipped during a 
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given earthquake. Although for any given length the observed magnitude varies, the trend is obvious: 

the greater the rupture length, the greater the magnitude. 

TO use such a relationship to predict the maximum future earthquake of which a g i ven fault is 

capable, one has to judge the fraction of the total length of a fault zone that can slip in any single 

earthquake. In observations on earthquakes in California, this fraction has conunonly been 1/5 to 

1/2. The larger the fraction of total length one uses as the rupture length, the larger would be the 

estimated magnitude. For distant faults potential surface offset is not a safety concern. Only 

faults that are less than o . s  km from the building site are considered to have any potential for 

causing surface rupture at the building. 

Having located a distant fault and estimated the magnitude of the maximum earthquake that could 

occur along the fault, the next step is to estimate the severity of ground motion that this earthquake 

could produce at the site in question. For use in structural analyses, the ground shaking is 

generally expressed in terms of a maximum or peak horizontal acceleration measured in terms of •g . •  

The acceleration equal to the acceleration produced by the earth ' s  gravitational field, approximately 

equal to 9 . 8  m/s
2 

at sea level, is one •g , •  For example, a horizontal force equal to l . Q  times the 

weight of the structure acting horizontally would produce a horizontal acceleration of l.Og. 

2-27 
Associated with this peak acceleration is a •response spectrum.• The former reflects only the 

hiqh-frequency level of shaking while the latter reflects the entire frequency content of the motion. 

Peak vertical ground shaking is often approximated as 2/3 the maximum horizontal. 2-28 

To estimate ground motion from earthquake sources less than 10 km from a building site, the first 

two steps are the same as for the more distant faults. However, the ground motion is more complex and 

the recorded data are so sparse and widely scattered that the relat ionships between earthquake 

magnitude and acceleration at short distances are more uncertain. 

The general response spectrum can be estimated by a variety of methods. Basically, the methods 

involve generating many response spectra plots using a selected data base of recorded strong motion 

earthquake records, all normalized to a peak acceleration for the site. The response spectra are then 

enveloped and the resulting spectrum becomes the final ground-shaking criterion for evaluating the 

building ' s  structural integrity. 

A general discussion of the problem of making estimates of the ground shaking when the fault is 

. 
i 

. . 
d 2-26 very near the site s given in Bernreuter an TOkarz. 

the recorded strong ground motion and applying judgment. 

Estimates are made by considering all of 

In particular, considerable judgment must be 

applied to estimate response of the local soils compared to sites where very intense ground motion 

have been observed, and to assess the potential for focusing of seismic waves. The fact that the 
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L.ivermore site is a deep-soil site would probably reduce the very intense high-frequency peak ground 

motion in comparison with a bedrock site such as Pacoima dam. 

2 . J . J . 4 . 2 .  Interpretations of the Seismic Hazard. The Design-Basis Earthquake (DBE) for the 

Livermore Site considers two possibilities: (1) a larger, more probable future earthquake associated 

with the more distant fault zones to the west of the site--the San Andreas, Hayward, and 

Calaveras--and (2) a smaller, less probable future earthquake associated with the local faults in the 

general vicinity of the site. For the more distant fault zones, one needs to consider only the 

effects of strong ground motion on the structural integrity or safety of buildings. For the local 

fault systems, both strong ground motion and the possibility of surface offset are considered. As 

discussed in the preceding section, on-site geology, drilling, and trenching has produced no evidence 

to substantiate the possibility of a surface offset beneath any Livermore Site facilities; therefore, 

the evaluation of the seismic hazard to LLNL frOIO local faults need only consider the effects of 

strong ground motion. Appendix 2B contains the work schedule and outlines additional studies that are 

in progress and will improve the Design-Basis Earthquake determination for the LLNL site. 

Ground Motion . On four different occasions between 1971 and 1974, the geological and 

seismological evidence has been examined with a view to defining a DBE for .the Livermore site. These 

examinations are documented in Blume, 
2-27 

Bernreuter and Tokarz,
2-26 

Blume,
2-13 

and Wight. 
2-ll 

The salient points of these four analyses are summarized below. 

2-27 � : As part of the planning for Increment 3 of the LI.NL plutonium facility, Blume 

established a DBE to be used to establish preliminary seismic design criteria. The investigation 

addressed the potential seismic hazard from both the faults within Livermore Valley and the more 

distant major faults to the west. Based on a geological and seismological literature survey and 

limited local field explorations , Blume concluded that the faults near the Laboratory were inactive 

and the controlling DBE should be based on a postulated earthquake associated with the more distant 

faults to the west-- San Andreas , Hayward, and Calaveras. Blume postulated DBEs with magnitudes of 

8 . 3 ,  7 . 5 ,  and 7 . 0  on these faults respectively. He used several of the standard methods to calculate 

a maximum acceleration for the Livermore site. Blume also indicated that a •reasonably conservative 

prediction of the maximum ground motion that would be produced at the site by any of these earthquakes 

is 0 . 4 g , "  Blume also specified an associated response spectrum. 

Bernreuter and Tokarz
2-26

: This study reflected the results of the authors' detailed 

review of the 1971 Blume report plus their own independent assessment of the seismic hazard for 

Livermore site. The fundamental difference between these two studies was their assessment of the 

activity of the local fault system. To be conservative, these LI.NL staff members assumed that the 
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local fault system (in particular the Tesla fault) was active, whereas Blume had considered the local 

fault system as inactive. 

Bernreuter and TOkarz derived maximum accelerations for the Livermore site from both the distant 

major fault zones to the west and for the fault system local to the LLNL site. Their values are 

summarized below. 

On the basis of past seismic activity and statistical correlations (similar to those used by 

Blume in 1971 ) , they assigned maximum Richter magnitudes of 8 . 3  to the San Andreas fault (equivalent 

to the San Francisco earthquake of 1906) and 7 . 5  to the Hayward and Calaveras. To estimate the 

maximum ground accelerations at LLNL due to earthquakes on these distant faults, they used three 

different methods and reconunended the largest acceleration value developed from each fault: 0.4g from 

the San Andreas and Hayward faults and O.Sg from the Calaveras . 

2-26 
The physical picture of faulting at the site used by Bernreuter and Tokarz was that drawn 

by Blume on the basis of the 1971 field investigation for the proposed plutonium laboratory. An 

essential feature of this picture was the projection of both the Tesla and Corral Hollow faults as 

transecting the LLNL site. Although Blume had found no evidence of faulting onto the LLNL site, the 

projections resulted frOlll connecting features, previously reported by others, which are suggestive of 

faulting southeast and northwest of the site. Por the purpose of predicting maximum possible ground 

motions due to potential earthquakes on those faults, Bernreuter and Tokarz felt that the LLNL site 

must be considered as being at the earthquake epicenter and not at some mitigating distance from it. 

For the less well-characterized local fault system, the historic seismic records are brief and 

sparse. Careful review indicated that these faults were capable of producing earthquakes with Richter 

magnitudes in the range of S to 7 .  Within this range, Bernreuter and Tokarz observed, •close-in the 

actual magnitude • • • of the earthquake is not so important from the engineering aspect since the 

maximum ground acceleration and response spectra will be much the same. The duration will be 

different. The larger the earthquake magnitude, the longer its duration. Certainly it seems highly 

unlikely that the fault system near the Laboratories site would have a magnitude 7 earthquake ; 

however, since the site is at the epicenter, if the magnitude is in the range of S to 7 it makes 

little difference except on duration. An upper limit of magnitude 6 . S  is estimated as the �argest 

earthquake that will occur on the fault system under the Laboratories site . •  

To estimate the maximum ground acceleration that might occur a t  the LLNL site at the epicenter of 

an earthquake on one of the local faults, Bernreuter and Tokarz used a statistical treatment of data 

for peak acceleration vs epicentral distance recorded for about 20 earthquakes. Their analysis 

indicated that a ground motion similar to that recorded at the Pacoima Dam during the 1971 San 

Fernando earthquake could reasonably be considered representative of ground motion in epicentral 
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regions. Their statistics indicated that "the peak g level of l.25q from the Pacoima Dam is not 

unreasonable for a maximum peak g Leve� from an earthquake.• However , more impor tant from the 

structural viewpoint •are the number of oscillations at 0 .8q. For earthquakes located on the local 

faults it is estimated that the peak g level will be 0.8-l.25q. Certainly one could expect that 0 .8-q 

level would create considerable energy, while the higher spikes would not greatly influence the 

spectra.• Their recommended spectr11111 for the response of structures on the LI.NL site to shaking due 

to an earthquake on a local fault was one derived from the Pacoima Dam record , with the peak over lg 

reduced to 0.8g. To illustrate this, Pig. 2-15 shows the trace of acceleration versus time that was 

recorded at Pacoima Dam during the San Fernando earthquake of February 9 ,  1971. In the acceleration 

record, note that there is an extreme peak that stands out far beyond the level of sustained 

acceleration . Such high load applied very briefly and only once is not the kind of load that tests 

the structural quality of a building, since the building does not have time to respond to it. 

Earthquake damage in a structure is a cumulative effect, developing over a period of several seconds; 

it does not occur instantaneously. Therefore, as far as structural response and damaqe are concerned, 

the •effective acceleration• which can cause damage is not the single spike but rather the highest 

level attained repeatedly during the whole period of strong shaking. This effective peak acceleration 

is the ground shaking level that has been considered in the LI.NL DBE. 

Although Bernreuter and Tokarz concluded that the intensity of qround shaking at the LLNL site 

would be greatest for earthquakes on the local faults, and therefore recommended a DBE with a maximu111 

ground acceleration of 0 .89, they stressed that earthquakes on the San Andreas, Hayward, and Calaveras 

faults were also i111portant •because first, the duration of maximum shaking is much longer than that of 

earthquakes on the local faults and second, they are more likely to occur . •  

Blume
2-13

: The recommendations developed in this investigation established the seismic 

design criteria to which Increment 3 of the plutonium facility was designed-specifically, a maximum 

horizontal ground acceleration of 0.5g and the response spectrum shown in Pig. 2-16. 

Faulting in the vicinity of the Laboratory site was investiqated. Figure 2-13 reflects the 

critical findings of this investigation. Blume concluded that the earlier described Tesla fault 

system was composed of three strands--called Tesla fault No. l, Tesla fault No. 2, and Tesla fault 

No. 3-and represented the largest fault systeni near LLNL. Based on his judgments of its surface 

expressions in the hills to the southeast, Blume concluded that this local fault syste111 was probably 

also the most recently active, even though the evidence from wells N-1 and N-2 (Pig. 2-13) suqgested 

that, nearer the LLNL site, the Tesla fault No .  1 had long been inactive . Renee , their DBE for LLNL 

was defined as the largest earthquake the Tesla fault could produce . 
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Figure 2-15. Acceleration vs time as recorded at Pacoima Dam during the San 

Fernando earthquake of February 9 ,  1971. Damage to buildings is caused by strong 

shaking over a period of several seconds, not by one or two very brief high 

accelerations . 
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Figure 2-16. Design-basis response spectrum recommended by Blume & Associates 

after their major investigation of faulting at the LI.NL site. 
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Blume & Associates based their estimate of earthquake magnitude on estimates of the total lenqth 

and rupture lenqth of the Tesla fault No. 2. They chose as the southeasterly end of this independently 

acting segment the point where it intersects the Greenville fault about 11 miles southwest from the 

LLNL site. To estimate the total length of this branch, not knowing its northwesterly extent, they 

conservatively assumed that it continued out under the Livermore Valley another 5 miles till of the 

site, for a total length of 16 miles. 

To estimate the rupture length, Blume applied a theoretical factor of 1/3 (judgments of this 

factor vary, as mentioned above ) ,  tempered by an empirical observation that, since a 4-mile stretch of 

Arroyo Seco appeared to be a surface lineament of Tesla fault No. 2, 4 miles was representative of a 

typical rupture length on the fault. To be more conservative, they chose 6 miles (about 10 km) as the 

rupture length on the Tesla fault for the purpose of estimating the magnitude of the earthquake. 

Prom an empirical relationship between surface rupture length and magnitude, Blume selected 5 . 7  

as the magnitude of the earthquake that the largest, nearest fault could produce. From the observed 

dip of the Tesla fault and an estimated focal depth of S miles, they calculated that the nearest 

epicenter of an earthquake on Tesla fault No .  2 would be 2-1/2 miles from the center of the site. 

Finally, from a compilation of acceleration data observed near the epicenters of earthquakes, Blume & 

Associates arrived at O.Sg as a conservative estimate of the maximum ground acceleration to which a 

structure like Building 332 on the LLNL site could be subjected by an earthquake. 

In summary, as the result of this investigation, Blume indicated an agreement with Bernreuter and 

Tokarz that the Tesla fault is the largest active fault near the Laboratory . However, he assigned an 

earthquake magnitude of S .7 as the largest possible earthquake for the Tesla. PUrther, based on 

2-29 
published data by Boore and Page relating to acceleration levels near faults that have moved 

during moderate-sized earthquakes , Blume estimated a peak ground acceleration of O.Sg. These 

estimates of earthquake magnitude and DBE acceleration are lower than the Bernreuter and Tokarz 

estimates of 111agnitude 6 . 5  and maximum acceleration value of 0.8 g and differ from Blume's prior 

estimate of 0 . 4g for the DBE. 
2-27 

The OBE for the plutonium facility was therefore modified to 0 , Sq. 

Finally, Blume still found no evidence for potential surface faulting at the site of the plutonium 

facility. 

The purpose of this report, published by LLNL two years after Blume ' s  

investigation,
2-13 

was to define the seismic hazard at LLNL i n  a manner consistent with the Atomic 

Energy Commission ' s  requirements for the format and content of safety analysis reports for nuclear 

power plants. The AEC had requested that such reports be prepared as well for other structuces whose 

integrity was essential to the health and safety of the public. 
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For the San Andreas, Hayward, and Calaveras faults, Wight estimated magnitudes by means of 

statistical correlations of magnitude with fracture length, taking the fracture length to be half the 

total length of the fault. This led to magnitudes of 8 . 3 ,  7 . 5 ,  and 7 . 5 ,  respectively. To estimate 

ground accelerations at the LLNL site, he followed the niethod of first estimating bedrock 

accelerations on the basis of acceleration-distance-111agnitude relationships and then calculating a 

sur face acceleration by means of a mathematical model of the soil layers. By this procedure Wight 

arrived at values of 0.5g for the maximum acceleration in the bedrock and 0 . 32g for the maximum 

acceleration on the surface at the LI.NL site due to earthquakes on the distant major faults to the 

west. 

2-11 2-13 
In examining the local fault system, Wight used the mapping of Blume as shown in Fig. 

2-13. As Blume & Associates had, Wight chose the Tesla fault as the one potentially capable of 

producing the maximum seismic effects at the LLNL site. However, Wight judged the total active length 

of the Tesla fault to be 3 4  km, or about 21 miles, as compared with Blume ' s  16 miles. In estimating 

earthquake magnitude, Wight applied the sa.me relationship of magnitude to fracture length as he had 

used for the more distant faults, taking the fracture length to be half the total length , rather than 

one third as Blume had. As a result of these differences, Wight's fracture length for the Tesla fault 

was 17 km, or about 10-1/2 miles, whereas Blume's had been only 6 miles. This led to an estimated 

maximum earthquake magnitude on the Tesla fault of 6 . 5 ,  which agreed with the estimate of Bernreuter 

and Tokarz but was greater than Blume's 5 . 7 .  

Wight's approach to estimating maximum sur face accelerations due to this local earthquake was 

also similar to Bernreuter and Tokar z ' s ,  in that the magnitude of the earthquake is considered to be 

less important than the proximity of the site to the epicenter. Wight noted that close in •the 

dependence of peak acceleration on magnitude is weak , •  that •the correlation of peak acceleration with 

site geology is low,• and that recent "data, calculations, and observations clearly indicate that 

accelerations approaching l .Og are possible in near-epicentral regions for earthquakes of all 

magnitudes . •  Emphasizing the evidence of the Pacoima dam record, Wiqht estimated, as Bernreuter and 

Tokarz had done , that the peak acceleration at the LI.NL site due to an earthquake on the local fault 

system could be 0.8g. 

of the Las Positas Fault. 
2-13 2-11 

Both Blume and Wight considered the Tesla fault, as 

mapped in Fig. 2-13, to be the local fault on which to place the design basis earthquake. However , i f  

Herd 's mapping of the Las Positas and Tesla systems, as shown in Pig. 2-14, is correct, th� Las 

Pos itas zone truncates Tesla fault No. l ,  and eliminates Tesla fault No .  2 altogether ,  since, except 

for the presence of the arroyo, postulated evidence for strand 2 of the Tesla fault zone can be 

accounted foe by the presence of Las Positas fault. Also, the Las Positas itself would become the 
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largest. nearest fault, and so by that criterion would be the one on which to base the DBE for the 

LLNL site. If tbis is the case, the DBE ground motion levels generated by the Las Positas fault 

should not exceed those previously established . The rupture length (and hence the potential 

earthquake magnitude) of the Las Positas fault is constrained by the 20-km distance between the 

Calaveras system on the west and the Greenville fault on the east, and the Las Positas is no closer to 

the LLNL site than the postulated Tesla fault No .  2 .  Therefore, these DBE ground motion levels would 

be about the same. Additional studies (Appendix 2B) are underway to improve the OBE determination for 

the LLNL site. 

2 . 3 . 3 . 4 . 3 .  Critical All critical facilities at LLNL have been 

evaluated for seismic integrity using the Blume response spectrum anchored at 0.5g peak ground 

acceleration (PGA) . Additionally, these critical facilities have been reviewed for a 0.8g PGA by an 

extrapolation of the analysis results of the 0 . 5g � review. The objective of these reviews is to 

insure confinement of radioactive and toxic materials contained within these structures. With this 

objective in mind, the assessment of these facilities was done using allowable stresses and element 

capacity levels higher than those specified in the uniform Building Code (UBC) . Stress levels and 

material capacities used were based on test data, ultimate strength concrete values and steel yield 

values . The objective was to make a realistic assessment of the actual building capacities could be 

made. Aa a result of this approach . yielding and damage of building elements is permitted as long as 

this does not lead to structural collapse or a loss of safety related functions. It is anticipated 

that repair will be required following a O.Sg or 0.8g PGA event before the facility is returned to 

routine operation. safety reviews of all critical facilities has been completed. 'nle results of 

seismic analysis for these reviews at LI.NL are sununarized below: 

231 Vault. Analysis indicates no modifications required for this structure to 

insure confinement at the O.Sg and 0 . 8g PCA levels. 

251. Analysis of this structure indicated insufficient capacity in roof-to-all 

connections . roof chord stresses , shear wall stresses and out-of-plane bending of shear walls. 

As a result of these findings , design lllOdifications have been implemented to "harden" a 

portion of the building so that radioactive and toxic materials may be stored and handled safely. 

Furthermore, changes were made in Building 251 operations to limit the amount of radioactivity that 

might be released in a major earthquake before construction of the "hardened " portion of the facility 

was completed. 

281. The analysis of this facility indicated some yielding of reinforcing steel in 

the reactor shield could be expected, but no structural collapse was predicted . Also, the 
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heat-exchange support and bridge-crane support were found to be deficient. Modifications to both of 

these structures have since been made , additionally, this pool-type reactor was decommissioned in 1980. 

331. Evaluation of this facility at the O.Sg and 0.8g PGA levels indicated 

deficiencies in the stack support.s and roof-to-wall and wall-to-foundation connections. Add itionally, 

shear transfer through the wall pilasters was questionable. Modifications to the stacks (addition of 

support guys ) were made and design modifications have been proposed to upgrade· the roof-to-wall, 

wall-to-floor connections and pilaster shear transfer capacity. 

332. The evaluation of this structure to the O.Sg and 0.8g PGA earthquake levels 

indicated deficiencies in the Increment I loft structure and the mechanical equipment room. 

Modifications were made to upgrade the loft to the O . Sg PGA level: however, a re-evaluation of this 

portion of the facility still indicates some local yielding with anchor bolt and connection failures 

occurring as well as problems with the connection capacities of the precast tilt-up exterior wall 

panels. Additional modifications are still required in this area, although no collapse of the loft 

structure is anticipated . 

Modifications to the mechanical equipment room have recently been completed, significantly 

increasing its seismic capacity . 

As a result of safety concerns regarding this building following the January 1980 Greenville 

earthquake sequence , the DOE has insituted an independent review of Building 332. Results of this 

review will soon be available. 

Work is currently underway to provide an extensive seismic instrumentation system for this 

facility. This will enable us to better determine the response of the building and potential force 

levels experienced in the event of future earthquakes. 

Recent modifications to portions of the ventilation system and optical pipes , and airlocks have 

been designed and constructed to withstand the DBE. 

2.3.4. Surface Water 

The three water systems considered as having a potential hydrological effect on the Livermore 

site are: 

• Storm water. 

• South Bay Aqueduct. 

• Del Valle Reservoir. 

Figures 2-1, 2-2, and 2-6 show the location of the Site and local natural drainage channels. 

Some of the arroyos and creeks in the Livermore Valley area have only minimal flow from October to 
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Apcil, the area 's typical cainy season. Storm water is channeled through storm sewers and open 

d i tches designed to accommodate a maximum flow expected in a ten-year interval . Stocm water is 

directed north, to the nearby Arcoyo Las Positas via an open storm-drain eight-of-way from the 

northwest corner of the site to the western Pacific tracks, a distance of 317 m. A much smaller 

percentage of the stormwater flows southwest to the Arroyo Seco. Rowever, SNLL storm drainage water 

is all channeled to the Arroyo Seco . 

The South Bay Aqueduct transfers water frOlll Byron , California, to Santa Clara County through a 

system of pipelines and aqueducts. The aqueduct is an open channel as it traverses the eastern edge 

of Livermore Valley about t . 6  km southeast of the LI.NL site and adjacent to the SNLL east boundaq•. 

Demand foe this water includes local domestic and agricultural users plus surrounding counties. 

Del Valle Reservoir is located about 11 km southwest of the site. This 9 .5-x-10
7

-m
3 

reservoir provides water conservation , flood control, and supply to surrounding counties. The 

Livermore site is outside the floodplain of the Del Valle dam. 

A detailed discussion of local surface hydroloqy is included in APpendix 2C. 

2 . 3 . 5 ,  Groundwater 

The Livermore Valley is a major groundwater source area.
2-14

• 
2-lS 

Sandy-qravelly aquifer 

horizons alternate with fine-grained, relatively impermeable beds and groundwater occurs both undec 

confined and unconfined conditions. Both the Quaternary alluvial sequence and the Livermore Formation 

are sources of water supplies sufficient for urban, industr ial, and agricultural use. 

Quality of Livermore Valley groundwater varies, but is generally sui table for most uses. 

Groundwater in the central and southern portions of the Livermore Valley is replenished by percolation 

from Arroyo Valle and Acroyo Mocho and is of good quality. Groundwater in the northern and eastern 

Livermore Valley con tains substan tially higher mineral concentrations than that found in other 

portions of the Valley. Foe example, areas of high boron and fluoride concentrations occur in ground 

t . . 2-14 
wa ers 1n e eastern Livermore Valley, north of LLNL and SNLL. 

The cowa2-14 subdivided the Livermore Valley groundwater basin into 12 sub-basins based on 

variations in groundwater occurrence, movement, and quality. The sub-bas ins appeared to be separated 

by partial ground water barriers, most of which were believed to be faults. Difficulties in assessing 

characteristics of the groundwater basin were described together with the uncertainties that 

2-14 
exist. 

The eastern Livermore Valley is underlain by water-bearing strata, mostly of alluvial origin. 

Faults and stratigraphic variations affect the movement of ground water and divide the Livermore 
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Valley ground water basin into sub-basins. Ground water recharge ocours in uplands east and southeast 

of the LLNL-SNLL site. The flow of this groun<Nater is inferred to be to the northwest ,  in two 

fault-defined sub-basins; one of these sub-basins is beneath LLNL. Some of this groundwater 

ultimately is discharged by seepage at the surface some 3 . 5  km northwest of the site. The remaining 

groun<Nater moves an undetermined distance west of the discharge site. It is not known i f  this 

groundwater is ultimately contained in the eastern Livermore Valley or if it flows west into other 

groundwater sub-basins of the Liver1D0re Valley. Additional details regarding the occurrence and 

movemen t  of groun<Nater near the IX>B Livermore laboratories are included in Appendix 2D and plans for 

an additional hydrogeologic study are outlined in Appendix 2B. 

2 . 3 . 6 .  Site 300 

The drainage divide for the coastal ranges in this area is the Oiablo Range . Since Site 300 lies 

on the eastern flank of this range, all of the runoff from the Site flows to the San Joaquin Valley. 

Most of the Site runoff flows into Corral Hollow Creek. Corral Hollow Creek is an intermittent stream 

carrying water only in the rainy season , and it flows toward the San Joaquin River . 

2 . 3 . 7 .  

2 . 3 . 7 . l .  General Climate. The Livermore Valley is flat and roughly bowl-shaped, about 21 km long and 

7 to 11 km wide, and sur rounded by hills that are 300 to 600 m high. The general area has a 

2-13 
"Mediterranean scrub woodland• climate that is character ized by mild, rainy winters (about 380 

mm of rain) from October to April and warm, dry summers. Sunshine is abundant throughout the year 

since the winter rains are of a showery nature. Snow is very race. Winter storms are a result of 

migratory low-pressure systems that become detached from the semi-permanent Aleutian Low and move over 

�r north of the area. Following the passage of the migratory low, skies typically clear as the 

Eastern Pacific High builds inland. Occasionally, under these conditions, strong northerly surface 

winds with gusts up to 30 m/s ace observed for a day or two. The summer is consistently warm and 

dry. A sea breeze typically develops during the afternoon when modified ocean air moves through the 

passes to the west: although the effect upon maximum temperatures is slight, the breeze persists into 

the early evening and brings cool night-time temperatures. The strength of this sea breeze rarely 

exceeds 13 m/s in Livermore. The spring and autumn seasons are typically transitional pe r iods when no 

exceptional meteorological phenomena occur. 
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2 . 3 . 7 . 2. Severe Weather. The Livermore Valley rarely e�periences severe weather . The greatest 

recorded daily rainfall is about 90 111111. Thunderstorms occur less than 5 days per year and are not 

intense: hail occurs even less frequently. Strong winds with gusts to about JO m/s occur a few times 

each fall and winter, usually following the passage of a low pressure system. 

rn a study conducted by Smith and Mirabella
2-3o 

the tornado recurrence interval was estimated 

-6 
to be about 1 per 292,000 yrs or 3 x 10 per year. A more recent study by McDonald, Minor , and 

2-31 
Mehta indicates that extrenie winds pose a 1110re significant threat of structural damage in the 

central California area than do tornados . Since extreme wind probability distributions are based on 

data from widely scattered weather stations, and because Liver1110re and Site JOO are less than 3 2  km 

apart ,  the sanie data were used to develop e.xtreme wind criteria for the two locations. For the 

Livermore site, McDonald, Minor , and Mehta
2-31 

defined the extreme wind as 49 m/s based on a mean 

recurrence interval of 10,000 years. For Site JOO, the windspeed criterion is increased by 10 percent 

to 54 m/s because of the possibility of channeling of the wind through the Site. 

2 . 3 . 7 . 3 .  Air Pollution Potential. Because of its location, surrounded by hills, the Livermore Valley 

has more days of high photochemical smog levels (oxidant) than most of the other air pollution 

sampling stations in the San Francisco Bay Area. Such smog is generated from automobile emissions1 it 

is estimated that about one-third of the ambient Livermore smog is imported into the Valley from 

upwind metropoli� areas. 

2 . 3 . 7 . 4 .  Local 

2 . 3 . 7 . 4 . 1 .  Station Tables 2-4 and 2-5 are taken from the National Weather Service 

compilation for Livermore and are based on data observed from 1931 to 1960. As a check on these 

normals, temperature and precipitation data observed a t  the County Fire DepartJDent about 5 . 6  km to the 

west-southwest of the DOB site were tabulated and are shown for 1969-1971 in Table 2-6. The data 

source was the Climatological Data for California, published monthly by the National Oceanic and 

Atmospheric Administration (N:>AA). It is apparent that these two tables are similar enough that no 

significant climatic change is obvious. The Lawrence Livermore National Laboratory is similar to the 

NOAA sub-station in topocJraphy , soil type, etc . ,  so that the values in Tables 2-4 and 2-5 may be 

considered representative of the site. 

2. J. 7 .4. 2. Wind Direction and Winds have not been measured at N:>AA's climatological 

sub-station in Livermore. Wind observations were taken at LI.NL for several years by instruments 
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Table 2-4. Climatological temperature summary for Livermore (1931-1960 normals ) . a 

No. 
years Jan Feb Mar Apr May June July 

Highest, °C 30 

Mean daily 
maximum , °C 30 

Mean 
daily, •c 30 

Mean daily 
minimum, °C 30 

Lowest, °C 30 

Degree days 30 

Number days 
above 32°C 19 

Number days 
below 0°C 19 

24 25 27 34 39 43 44 

1 3 . 6  15.6 1 7 . 9  2 1 . 4  24,7 2 8 , 2  32.0 

7 . 8  9 . 4  1 1 . 3  13.8 1 6 . 6  19.4 22.0 

2 . 1  3 . 3  4.7 6 . 3  8.6 10.7 1 2 . 1  

-7 -s - 4  - 1  0 4 5 

326 249 217 137 74 18 0 

0 0 0 +b 3 8 17 

15 9 4 + + 0 0 

Aug Sept 

44 46 

3 1 . 3  3 0 . 6  

21.6 20.8 

11.6 11.0 

5 12 

0 7 

14 12 

0 0 

Oct Nov Dec Annual 

39 32 26 46 

2 5 . 6  19.5 14.6 2 2 . 9  

1 7 . 0  1 1 . 9  8 . 6  15.0 

8 . 4  4 . 3  2 . 7  7 . 2  

-2 -4 -7 -7 

so 193 302 1572 

4 + 0 58 

+ 4 23 55 

a Elevation 166 m (545 f t ) ,  latitude 37°39'N, longitude 181°47'W. Wind: Calm 24,, W 19,, SW 16,, 
NW 7,, N'E 12,. 

b + = More than O but less than 1 .  

Table 2-5. Climatological precipitation summary (IDlll ) for Livermore (1931-1960 normals) . a 

No. 
years Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Annual 

Greatest 
monthly 

Mean 
monthly 

Greatest 
daily 

NO. days 
0 . 3 - 2 . 5  mm 

No. days 
2 . s  mm or 
more 

NO. days 
1 2 . 7  mm or 
more 

Snowfall 

30 

30 

30 

30 

7 

10 

30 

207 172 129 

77 68 49 

88 37 51 

11 10 9 

7 6 4 

2 2 l 

2 . 5  T 

95 70 15 

29 12 2 . s  

46 18 10 

5 3 

4 2 + 

l + 0 

0 0 0 

6 . 1  4 . 1  48 47 151 258 

0 . 3  o . s  3 . 0  15 37 73 

4 . 1  3 . 8  39 21 78 83 

+ + 1 3 6 10 

0 0 + 1 2 5 

0 0 + + l 3 

0 0 0 0 T T 

a Elevation 166 m (545 ft) , latitude 37°39'N, longitude 181°47'W. Wind: calm 24,, w 19,, SW 1 6 • ,  
NW 7,, N'E 12,. 

b + • more than O but less than 1 .  
c T • trace. 
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31 
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31 
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2 . 5  

30 44 39 32

14

23

30

37 31

37 51 4.1 78
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Table 2-6. 1969-1971 SUJ11111ary of temperature and precipitation observations at County Fire Department, 
Livermore, California. 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 

Temperature 
( oc) 

Mean maximWll 14. 2 16.0 19.3 20.4 25.8 27.4 33.4 33.7 32.4 24.8 19.7 14 . 2  23. 4 

Mean minimum 3 . 0  3.1 3,4 4.0 8 . 4  10.8 11.9 11.4 10.7 6 . 5  4 . 3  2 . 3  6 . 7  

Average 8 . 6  9 . 6  11.4 12.3 17.2 19.l 2 2 . 7  22.6 21.6 15.7 12.0 8 . 3  15.0 

Absolute maximum 21 24 28 32 38 37 42 42 43 37 29 21 43 

Absolute minimum -6 -3 -6 -2 2 4 7 7 3 -2 -4 -4 -6 

Precipitation (mm) 108.7 53.l 31.5 25.4 5.8 2.8 o.o o . o  1 . 0  13.2 52.3 92. 2 388.6 
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mounted atop a telephone pole. Ne> maintenance records nor calibration reports of these instruments 

are available. Furthermore, trees gradually grew up around the pole during the past ten years. 

Consequently, these measurements are not deemed to be reliable for obtaining a representative wind 

SUllllQary. In 1971, an instrumented 40-m telescoping tower was installed in an open area in the 

northwest section of the Laboratory. 

The predominant wind direction throughout the year and especial.ly during the dry season is from 

the southwest through west. During the wet season, post-frontal anti-cyclonic flow occurs ofte� 

enough to cause north-northeast and northeast winds of comparable frequency to the southwest through 

west directions. The most common windspeeds during all seasons are 5 to 7 m/s from the southwest 

through west. This relatively high speed is caused by channeling of the winds through passes in hills 

to the west. The wet season winds from the north-northeast and northeast are most common in the 2 to 

3 m/s range, but winds of 11 to 16 m/s occur with nearly half that frequency . In general, the 

strongest winds blow during the wet season from the north-northeast and northeast. Figure 2-17 shows 

the typical annual average wind pattern for LLNL and SNLL. 

2 . 3 . 7 . 4 . 3. The wind records mentioned above were used to estimate 

. 2-32 
Pasquill-Gifford stability categories using the method described by Slade. In the dry season D 

and e stabilities are of nearly equal prominence (about 70\ combined frequency) ;  during the wet season 

E stability is observed nearly 40\ of the -time. A summary of the dry and wet season tables is given 

in Table 2-7. 

2 . 3 . 7. 4 . 4 .  and Long-term records of humidity and fog are not available in the 

Livermore valley. 

2-33 
Data summarized by the Weather Bureau indicate that heavy fog (visibility less than 0 . 4  km) 

occurs on some 27 days per year. The monthly frequency is rather uniform at 2 or 3 days per month, 

except foe 4 days in January and l day in March. Radiation fogs are more prevalent in late fall and 

early winter. High fog (coastal fog that is lifted in passing over the western hills) is prevalent on 

many spring and summer mornings but rarely reaches the ground in the vicinity of the LLNL site. 

2 . 3 . 7 . 5. On-Site Measurements The Livermore site maintains a meteorolog ical 

program for rapidly assessing critical meteorological parameters that may be used to estimate 

potential doses to individuals in the off-site environment in the event of an accidental release of 

hazardous materials into the atmosphere. (The meteorological measurements program provides input to 

the ARAC system described in paragraph 2 . 2 . 2 . 6 ) . The program includes meteorological instrumentation 
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7 .  l - 1 1  > 1 6  

3 . l -7 l l . l -16 

5 1 0  
Percent frequency 
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Figure 2-17. Annual wind rose for LLNL and SNLL. Length o f  line shows percent 

frequency ( 4 . 4 %  calm) . 
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Table 2-7. Summary of wind frequency tables . by stability categories.a 

Cate or 
b 

season 

Host frequent direction 
Frequency (\) 
Speed (m/s) 

Least frequent direction 
Frequency (\) 
Speed (m/s) 

Highest avg speed (m/s) 
Direction 
Frequency 

Lowest avg speed (m/s) 
Direction 
Frequency 

Host frequent direction 
Frequency (\)  
Speed (m/s) 

Least frequent direction 
Frequency (\) 
Speed (m/s) 

Highest avg speed (m/s) 
Direction 
Frequency (\) 

Lowest avg speed (m/s) 
Direction 
Frequency (\) 

WSW, W 
-34 
3 

ESE,SE,SSE 
5 
2 

3 
WNW,NW 
7-9 

2 
s 
7 

N 
9 
2 

ESE 
3 
2 

3 
• NW  

5 

2 
ESE 
3 

a Values rounded to nearest whole numbe r .  

WSW, W 
-48 
3 

SE, SSE 
-3 
1-2 

4 
WNW 
7 

2 
SSE 
2 

E 
11 
3 

SSW 
4 
3 

-3 
WSW,W,WNW 
-28 

2 
SE,SSE 
-9 

c 

WSW, W 
-ss 
4 

ESE, SE 
-2 
2 

5 
N 
4 

2 
SE 
l 

wsw,w 
-2s 
4 

N 
2 
4 

4 
WSW 
12 

3 
SSW, NNW 
3-4 

D 

SW, WSW 
-62 
5 

SE,NW 
-2 
3-4 

8 
NNW 
2 

2 
s 
l 

wsw,w 
-28 
5 

NNW 
2 
3 

5 
WSW 
l4 

3 
SSE 
2 

E 

SW, WSW 
-57 
5 

SE 
<l 
4 

10 
NNW 
3 

2 
E 
l 

wsw,w 
-32 
5-6 

NtM 
1 
4 

7 
NNE 
4 

3 
ESE,SE 
8 

SW 
29 
5 

SSE 
0 
3 

8 
NNW 
10 

0 
SSE 
0 

E 
15 
6 

NW 
<l 
2 

12 
NNE 
9 

2 
NNW 
l 

b A • Extremely unstable conditions. B • Moderately unstable conditions. C = Slightly unstable 
conditions. D • Neutral conditions (applicable to heavy overcast, day or night ) .  E = Slightly stable 
conditions. F • Moderately stable conditions. 
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near the LLNL's north perimeter and near the sl'.>Uthwest corner of the SNLL property , where the 

measurements accurately represent the overall meteoroloqy and are not influenced by building 

structures. The instruments are attached to 40-m telescoping towers; measurements of wind direction 

and speed and temperature are recorded at both 10 and 40 m .  At LLNL temperatures are also measured a t  

2 m and the temperature differential between 2 m and 4 0  m is recorded . 

The sensors consist of a lightweight climet bivane for measuring horizontal and vertical wind 

direction fluctuations within accuracies of ±_3° and ±_1° respectively, and a cup anemometer for 

measuring the wind speed to an accuracy of 67 rma/s above the 220 rma/s threshold speed. In addition, a 

thermistor temperature sensor is placed in a wind-aspirated shield to prevent exposure of the sensor 

to direct solar radiation and to prevent air from stagnating about the thermistor. Ambient 

temperatures may be measured to within o . 2
°

c with this type of sensor. The associated electronics 

for processing the data from LLNL, Site 300 ( 2 . 3 . 7 . 6 ) , and SNLL are located in a building near the 

LLNL tower . Both standard chart records and digital (magnetic tape) data are currently used for 

recording. The sensors are replaced with serviced and recalibrated units every six months to ensure 

reliable operation. 

2 . 3 . 7 . 6 .  at Site 300. LLNL has operated a climatological observation station at Site 300 

for many years. At the present time, this station measures and records surface temperature, pressure, 

h1.1111idity, and pr�cipitation. Wind speed and direction and temperature data for Site 300 are collected 

from a meteorological tower located at this station. The tower is instrumented at a height of 20 m 

with sensors described in 2 . 3 . 7 . S .  

The mean annual precipitation is about 290 mm ,  although wide variation occurs from year to year. 

Host of the precipitation falls between the months of OCtober and April in the form of rain, although 

a light dusting of snow can occur on the coldest days. Localized thunderstorms with the threat of 

lightning are infrequent. Maximum temperatures in the winter months, November to February , average 

around 13
°c. During these months, the minimum temperatures are never much below the free�ing 

level. Relative humidity is about 85 to 90\ a t  night, decreasing to 60 or 70\ during the afternoon. 

Winds are predominantly from the west and average about 5 to 7 m/s in the winter months. 

The dry season extends from May through September. Daytime temperatures in the high ) O ' s  and low 

4 0 ' s  are common in the middle of the suJ11Jner. The relative humidity ranges from about 30 to SO\ in the 

driest part of the year in the fall. Persistent westerly winds are characteristic of this area from 

spring to fall. Marine air flows through the canyons into the San Joaquin Valley and results in 

lllOderately strong winds in the afternoon and evening. 
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2.3.8.  Biotic at SNLL and LLNL 

The bioloqical features of the area occupied by SNLL and LLNL have been examined at length . The 

plants, mammals, birds, amphibians, reptiles, arachnids, and crustaceans identified on the site are 

l isted in Appendix 2B. 

2 . 3 . 9 .  Biotic at Site 300 

The Site 300 area is primarily a grassland community. The topography of the Site consists of 

moderate to steep hillside slopes covered with various annual grasses. Many biotic species favor this 

community. Insects such as spiders ,  beetles, grasshoppers, and crickets abound in the area. Mammals 

in the community are represented by many species of rodents such as mice, gophers, and squirrels which 

feed on the plants of the qrassland and on the insects. Rabbits feed exclusively on the plant 

vegetation and deer browse throughout the area. Several varieties of lizards inhabit the area, 

feeding primarily on insects. Several types of snakes are also common, feeding on small mammals, 

birds and their eggs, lizards, and other snakes. Other predatory species such as the badger ,  fox, and 

coyote search for prey in this community. A l isting of plants and animals observed a t  Site 300 is 

shown in Appendix 2E. 

The grassland habitat shows a limited resident bird population due to the lack of shelter from 

predators. However ,  the area is important to many species of birds which, though roosting and nesting 

elsewhere, are dependent on the abundant supply of seeds and insects. The grassland also provides a 

suitable hunting ground foe birds of the Raptoces Order which include rodents and small birds in their 

diet. In 1975 approximately 100 acres of land on the east side of Site 300 was released as surplus 

property and deeded to the California Department of Fish and Game for use as a wildlife preserve. 

Site 300 is though t to be the only natural location for a rare species of wildflower, Amsinckia 

The plant, which gr�ws to a height of about 25 cm, was first discovered in the 1880s and 

was thought to be extinct until a patch was discovered at the Corral Rollow site in 1938. The area is 

presently roped off. The plant appears to meet the criteria to place it on the endangered species 

list according to the Endangered Species Act of 1973. As required by the Act, the U.S. Fish and 

Wildlife Service is considering establishing an area at Site JOO as Critical Habitat for this plant . 

A survey was conducted by an independent consultant (EG&G) to investigate the occurrence and status of 

endangered plants and animals {such as the San .Joaquin Kit Fox) at Site JOO. This study showed no new 

populations of Amsinckia and no evidence that LLNL activities were impacting adversely on 

the known population of the species. There was also no evidence that the San .Joaquin Kit Fox is 

present at Site JOO.  A report of this investigation is contained in Appendix 2E. 
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2.3.10. and Historical Sites 

An archaeol09ical reconnaissance of the Livermore site was conducted by the Archaeol09ical 

consulting and Research Services of Mill Valley, california. It indicated no evidence of 

archaeol09ical reeources on either the LLNL or the SNLL properties. Inspection of the archaeol09ical 

records on file with the Archaeol09ical Research Facility of the University of California at Berkeley, 

and the records on file with the Laboratory of Archaeol09ical Research at San Francisco State 

University, revealed no previously recorded archaeol09ical sites in the area occupied by the 

Laboratories. 

While no surface visible evidence of archaeol09ical sites has ever been noted at LLNL or SNLL, 

and none was found during excavation, the possibility of buried or otherwise obscured remains is 

always present. If any future land modification should show any such evidence, Federal law (the 

Antiquities Act of 1906, as amended) requires that it be reported to the Secretary of the Interior so 

that appropriate steps can be taken to preserve the vaiues so encountered. 

A Class III cultural resources inventory was performed at Site 300 (Appendix 2P) . Twenty-four 

cultural resource properties and twenty-five site types were located and recorded. Of the prbperties 

three are prehistoric, 20 historic, and one is both prehistoric and historic. Historic petr09lyphs 

and structures are the most frequent site types. 

The ieajority of the sites are of low significance. Four of the sites are potential resources for 

the National Register of Historic Places. The califocnia Office of Historic Preservation is currently 

evaluating these sites. 

2 . 3.ll. Characteristics 

The radiol09ical background at the Livermore site is predominately determined by the activity 

levels of naturally occurring uranium, thorium, and potassium in the soil. Table 2-8 shows the 

natural radionuclide content of soils collected in a relatively undisturbed section of open land in 

the northeast portion of the LLNL site. Sample locations ace shown in Pig. 2-18. Terrestrial gamma 

radiation exposure rates derived fro• the analyses vary from 5 to 7 µR/h, with a median of 5.8 

µ R/h. An exposure rate range of 3 to 7 U R/b was observed in a survey in the off-site 

. 2-35 137 
vicinity. At present, the exposure rate from cs, the principal global fallout 

radionuclide from past weapons tests, is about O . l  µ R/h, or about l-2t of that of the median from 

natural terrestrial sources. The inferred local radiation exposure rate from cosmic cays is estimated 

to be 3.8 UR/h, based on an average site elevation of 182 m and using the data of Lowder and 
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Figure 2-18. Locations of on-site soil sampling . 
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Table 2-8. Naturally occurring radionuclides in LLNL soils. a 

Location 238uraniu111 232.rhorium 40Potassium 

436 0.52 0.69 12.7 

437 0.57 o .  71 13.6 

438 0.55 0.67 11.9 

439 0.65 0.68 14.3 

440 0.41 0.71 13.6 

448 0.85 0.77 15.2 

449 0.60 l.07 12. 5 

450 0.79 0.99 13.3 

451 0.73 1.00 12.6 

452 0.65 0.80 1 1 . 8  

Average 0.63 0.81 13.2 

Maximum 0.85 l.07 1 5 . 2  

Minimu11 0 . 4 1  0.67 1 1 . 8  

a Exposure rates i n  µR/h a t  1 m above the ground can be 
calculated from these activities using the conversion factor 
derived by Beck2-34 : 
238u + daughters 1 . 8 2  (µR/h)/ (pCi/g) 
232Th + daughters 2 . 8 2  (µR/h) / (pCi/g) 
40x 0 . 179 (µR/h) / (pCi/g) 
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Beck, 2-36 
who relate cosmic radiation with elevation. The median total exposure rate (terrestrial 

plus cosmic ) thus is 9 . 7  µR/h, compa�able to a median value of 9 . 4  µR/h observed in a survey o f  

· 
l d .  i b k d · th Un1' ted States. 2-37 

environmenta ra iat on ac groun s in e 

With few exception s ,  contributions of DOB operations to radiological soil contamination are below 

the limit of detection of field survey instrumentation. However, at LLNL a number of minor incidents 

involving radioactivity have occurred during the past 25 years that have resulted in local on-site 

surface contamination. Contaminated material in these areas, either pavement or exposed soil, was 

usually dug up, packaged in steel drums, and disposed of as contaminated waste. Since the areas were 

either known or suspected to contain traces of residual contamination, the locations were paved to 

eliminate the possible spread of contamination. The total area so treated was about 300 m
2 

and 

involved less than O . l  µCi of plutonium. These areas are also identified in Fig. 2-18. 

Plutonium and americium contamination has been found in a few soil samples collected on-site east 

of the LLNL waste disposal area. The locations are shown in Fig. 2-18 and the activity levels for the 

respective samples are shown in Tables 2-8 and 2-9. The source o f  contamination is probably due to 

local radiation incidents connected with the · solar evaporators used in volume reduction of 

intermediate-level liquid waste. These evaporators are no longer used for radioactive waste. 

2. 3 .12. Aerial Radiation 

During the summer of 1975 an aerial radiation survey was conducted over the LI.NL and SNLL sites 

and at Site 300. 
2-38 

This survey was performed for DOE by EG&G, Inc . ,  utilizing the EG&G Aer ial 

Radiological Measuring System (ARMS ) .  The survey employed an array o f  4 0  NaI(Tl) scintillation 

detectors ,  127 mm in diameter by 51 mm thick, mounted externally on a helicopter platform . Surveys 

were conducted a t  an elevation of 45 m at air speeds of approximately 30 111/ s .  Flight lines were flown 

visually with the aid of aerial photographs taken just prior to the radiation survey. The results o f  

the survey were presented i n  the form o f  radiation isopleths plotted over photographs of the 

respective areas. Eleven areas within the LLNL and SNLL Complex were found to have radiation levels 

above background. The source of elevated radioactivity in each of these locations is shown in Table 

2- 10. None of these represent a radiation hazard to workers in the area. At Site 300 elevated 

activity levels were detected in the vicinity of three of the high-explosive firing tables. These 

levels are due to depleted uranium (a byproduct of 
235

0 enr.i.chment )  used in experiments at the 

Site. Data obtained from the fly-over confirm the results of annual soil sampling, na•ly, that shot 

debris is restricted to within 500 m of the bunkers. The levels ranged from the normal background of 

0 . 1  µR/hr to O . 5  µR/hr . 
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Table 2-9. Plutonium content of soils collected at 

loc:atiol\8 abown in Fie;. 2-18. 

Sa11Ple No. 4 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 

Activity (l.ICi/9) 

9.18 x 10
-8 .± 27\

b 

8.65 x 10
-8 !: 24' 

1.13 x 10
-7 !: 23\ 

2.05 x 10
-7 .± 13\ 

2. 86 x 10
-8 !: 12\ 

6.12 x 10
-8 !: 12\ 

3.00 x 10
-8 .± 17' 

1.15 x 10
-8 .!. 19\ 

5 . 36 x 10
-9 !: 26\ 

l .  22 x lo
-0 .± 18\ 

5.32 x l0
-9 .!. 24' 

l.29 x 10
-8 .± 13\ 

1 . 09 x 10
-7 .± 14' 

1.17 x 10
-7 !: 13\ 

3.26 x 10
-8 !: 23\ 

1.12 x 1 0
-7 .± 16\ 

l.56 x 10
-8 !: 15\ 

l.93 x 10
-8 .± " 

1.67 x 1 0
-8 .± 16\ 

l.04 x 10
-8 !: 21\ 

2.16 x 10
-8 .± 16\ 

450 3 . 28 x 10
-9 .± 40\ 

451 l.26 x 10
-8 .± 20\ 

452 9.19 x l0
-9 .± 24\ 

453 No saniple at this location 

454 3.73 x 10
-8 ± 12\ 

455 4.41 x 10
-8 ± 16\ 

456 1 . 74 x 10
-7 ± 12\ 

457 l . 30 x 10
-7 ± 12\ 

458 'l.96 x 10
-8 

+ 13\
b 

459 1.18 x l0
-8 � 13\ 

460 1.91 x 10
-8 ± 32\ 

461 l.05 x lo
-8 

+ 32\ 

462 1.22 x l0
-9 !. 42\ 

463 5.59 x l0
-9 !. 33\ 

464 6 . 13 x l0
-9 !. 24\ 

465 No saJ1ple at this location 

466 4.03 x 10
-8 !. 11\ 

467 3.92 x 10
-7 !. 10\ 

468 1 . 17 x 10-6 !. 6 . 4 \  

469 1 . 38 x 10
-8 !. 16\ 
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Table 2-9. (COntinued) 

Sample No .a Activity (µCi/9 ) 

470 5.09 x 10-8 ! 11' 

471 2.26 x 1 0
-8 ! 16, 

472 6 . 3 5  x 10
-9 ! 25, 

473 1 . 5 1  x 10
-8 ! 18, 

474 

475 

476 

477 

478 

No sample at this location 

No sample at this location 

No sample at this location 

No sample at this location 

9.59 x 10
-7 ! 7 . 2 ,  

479 3.76 x 10
-8 ! 11, 

480 5.68 x 10
-8 ! 11, 

481 1 . 2 3  x 10
-8 ! 20, 

482 No sample at this location 

a All samples are 50 11111 in depth . 
b All error limits are at the 2a level. 
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Table 2-10. Identification of sources of radiation detected by the ARMS flyover 
at LLNL-SNLL. 

Location 

Buildinq 612, LLNL 
(Ory Waste Processinq) 

Taxi Strip, LLNL 
(Waste storaqe) 

Buildinq 321, LLNL 
(Materials Fabrication Shop) 

Buildinq 212, LLNL 
(Accelerators) 

Building 251, LLNL 
(Diaqnostic Chemistry) 

Building 194, LLNL 
(Electron-Positron Accelerator) 

Buildinq 233, LLNL 
(Classified storage area) 

Building 281, LLNL 
(LPTR reactor ) 

Building 9143, SNLL 
(Radioqraphy) 

Building 9122, SNLL 

Building 921, SNLL 
(Vault) 

Source 

Three concrete blocks unshielded at 
top containinq various radioactive 
reactor wastes. 

Two waste carboys oriqinating with 
the LPTR reactor and Buildinq 251 
(Diagnostic Chemistry) • 

A pallet of drums containinq depleted 
uranium chips was found to be the 
primary source of radiation in the 
storage yard. 

Radiation levels due to induced 
radioactivity in parts in the source 
storage room. 

Activity due to a 85Kr source in 
buildinq. 

Elevated levels due to 1502 and 
13N2 in stack exhaust gases . 

Elevated levels due to concrete blocks 
containinq activated frOlll the 

reactor--principally from stainless 
steel. Also identified 4lAr in downwind 
stack exhaust. 

Elevated radiation due to a variety 
of shielded sources including a 75-Ci 
60co source . Also contains 1400 kg 
of depleted uranium. 

Depleted uranium. 

Depleted uranium, 235u, 
and various shielded sources. 
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While it is clear that LI.NL operations have produced a detectable increase in uranium near the 

firing bunker s ,  the areas affected are well within Site boundaries and the uranium levels observed 

constitute no health hazard. 
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3 .  ENVIRONMENTAL IMPACT 

3 . 1 .  INTRODUCTION 

Chapter 3 of the DEIS has been updated and revised in response to review and comment by federal, 

state, and municipal agencies and by private citizens. Major changes are: 

• Section 3 . 5 . 3 ,  Chemical Waste Management, has been expanded to include more information 

regardin<J the disposal of environmentally hazardous chemical wastes. 

• Section 3 . 7 ,  Health and Safety Aspects of Livermore Operations, now contains information on 

the radiological impact of Liver1110re site operations on employees ,  on local water supplies, 

and on agricultural crops. A 5-year data base has been included to provide the reader with a 

means for evaluating past radioactive effluent releases. 

• Section 3 . 9 ,  Accident Analysis, contains added information on the number and 1110de of 

radioactive shipments in and out of the Livermore site. The methodology employed in 

estimating radiation dose is also outlined. 

3 . 2 .  PAST, CURRENT, ANO FUTURE LAND USE 

The major environmental impact to the Livermore property occurred during World War II when this 

general farming and cattle-grazing property was converted to a Naval air station (see 2.1.2) . 

Construction of landing strips and the addition of streets and buildings completely altered the 

property so that it was no longer suitable for farmin<J or cattle grazing. 

The past, current, and future land use for the Livermore site is described in sections 2 . 1 . 6  and 

2 . 1 . 7 .  The use of the land is about the same as for the air base in that buildings, concrete, and 

asphalt will continue to prevent its use for general farming and cattle grazing. 

The major present environmental impact of the DOB Livermore laboratories is from the approximate 

total of 8000 employees and their utilization of natural resources, energy and effects on the nearby 

cOIDlllunity. This is discussed in section 4. 

At Site 300, prior land use waa sheep and cattle grazing since the land was generally too hilly 

for cultivation. Because of the size of the Site and the distance between high explosive test areas, 

OOE's impact due to construction and land use is small. Operations at Site 300 in terms of future 

land use depend on requirements of the weapons program. 

In 1973 approximately 100 acres on the east aide of Site 300 was declared excess property. Thia 

property was subsequently transferred to the California Department of Pish and Game for uae aa an 
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ecological reserve. Prior to release a radiological survey was made in compliance with AEC 

requirements for disposal of land. A terrestrial radiation survey was made at a nominal height of one 

meter above the soil surfaces using a portable survey instrument . Soil samples were also collected 

and analyzed for uranium. The terrestrial radiation exposure rates, which varied from 4.0 to 6 . 5  

µRjh, were typical of natural background radiation from soils i n  this area. Likewise the 

concentration of one to three parts per million of uranium were within the range observed in northern 

California. 

3 . 3 .  RESOURCES AND ENEr.GY 

3 . 3 . l .  Water use 

The primary supply of potable water for the Livermore site--both LLNL and SNLL--is obtained from 

the City of San Francisco ' s  Hetch-Hetchy water system. The water is used for domestic and plant 

purposes, and for fire protection . It is pumped out of the Hetch-Hetchy coast Range tunnel at the 

Mocho Shaft into two standpipe tanks, from which it is delivered under gravity flow via a 25-cm, 

10-km-long pipeline to three water storage tanks located on a hill at the south end of the Sandia 

Liver110re site. Delivery capacity is approximately 4 . 9 2  m3 per minute. Water storage capacity in 

the three tanks is 4.6 x 10 3 
m

3• 

Water is delivered from the storage tanks by gravity and distributed throughout the LLNL and 

Sandia sites via an underground piping grid system with mains on most streets within the developed 

areas of the two sites. Distr ibution mains are 20-35 cm in diameter, and there are sectionalizing 

valves at most intersections. Hydrants are located throughout the system at a maximum spacing of 

152 m. 

In addition to the Betch-Hetchy water supply, an emergency supply is available from Zone 7 of the 

Alameda County Flood Control and Water Conservation District for standby and emergency services. 

Water from the zone 7 system can be delivered into the site water distribution system by a pumping 

plant which is connected to the Zone 7 main at the north boundary of the LiverJDOre Site. 

Water consumption has always shown a wide seasonal variation. The magnitude of these changes are 

indicated in Pig. 3-1. Greatest water use occurs in July or August (irr igation) and the lowest use in 

December, January, and February. The variation ranges from about 50,000 m3 
in a winter month to a 

3 
peak of near 125, 000 m per month during the summer . 

The total annual use of water increased with the growth at the Livermore site until 1969, at 

which time the combined population of LLNL and SNLL was 7053. In 1970, the total water use was higher 

3-2 
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(l.l x 10
6 

m
3

, 0.3\ of the average Retch Betchy Aqueduct annual flow) even though the population 

was less. 
6 3 

In recent yea�s, water use has stabilized at about l . O  x 10 m • 

3 . 3 . 2 .  Electrical Use 

Power at 115 kV is delivered to LLNL by Pacific Gaa and Electric Company through two overhead 

transmission lines. POwer at 13.8 kV is delivered to SNLL from LLNL through two underground 

distribution lines. The electrical power consumption of the Livermore site grew each year between 

1964 and 1972. The use of electrical power more than tripled over that 8-year span even though the 

sustained population growth was less than 10%. The surge of increased power consumption is partly 

attributed to bringing on-line new buildings and addinq increments to existing buildinqs. At the same 

time, significant power increases occurred due to the Magnestic Fusion Power and Laser proqrams . 

Followinq the energy conservation programs inititated by DOE in the last half of 1973, electrical power 

use decreased in 1974 (see Pig. 3-2) . Conservation efforts have continued to act as a damper on power 

consU11ption1 however, the addition of new building areas and the electrical energy requirements of new 

and existing programs increased the electrical power in 1978. 

3 . 3 . 3 .  Fuel use 

3 . 3 . 3 . l .  Natural Gas. Natural gas, supplied by the Pacific Gas and Electric Company, is used to heat 

most of the buildings at LLNL and SNLL as well as supplying fuel for shop equipment and special 

research operations . 

Natural gas use at LLNL and SNLL has generally followed a pattern of growth year by year as the 

number of buildings and square feet of occupancy have increased . In 1974, a decrease in natural gas 

usage was accomplished as a direct result of energy conservation measures and mild winter weather (see 

Pig. 3-3) . Installation of automatic controls on building beating, ventilation, and air conditioning 

systems and continued energy conservation measures nearly offset the additional heating load of new 

building areas occupied in 1979. 

At LLNL about 7\ of the natural gas usage (for the computer facilities and adjacent buildings) is 

provided by Pacific Gas and Electric on a noninterruptable basis. The balance of LLNL and all of SNLL 

are subject to natural gas curtailment during periods of high demand. Approximately 15\ (16 of 109) 

of the gas fired boilers at LLNL and SNLL have been equipped for burning either propane or No, 2 fuel 
. 

oil during periods of interrupted gas service. TO provide heating during periods of interrupted 

service for natural gas, some of the boilers at both LI.NL and SNLL have been equipped for burning 

either propane or No. 2 fuel oil. 
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Figure 3-3. Seasonal use of natural gas by LLNL and SNLL. 
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Figure 3-4. Seasonal use of propane by LLNL. High propane consumption in the 

first quarter of 1977 was due to Pacific Gas & Electric's curtailment of natural 

gas during unusually coal weather. 
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3 . 3 . 3 . 2 .  Gas. At LLNL a propane-air plant delivers propane-air mixed gas into the site gas 

distribution system during natural gas curtailment periods. The existing plant capacity of 1.6 m
3

/s 

of mixed gas is adequate for supplying those buildings where dual fuel capability is impractical. The 

3 3 
total propane storage capacity of 220 m at Building 622 and 680 m at Camp Parks will take care 

of the LLNL site for about 25 days on a curtailment basis. (See Fig. 3-4 for propane use by LLNL . )  

The LLNL propane-air supply does not extend to SNLL. 

3 . 3 . 3 . 3 . Oil. Approximately 600 m
3 

of heating oil can be stored by LLNL (including 223 m
3 

at 

Site 300) and about 640 m3 by SNLL. At present, moat of the storage capacity is in above-9round 

3 
The largest tank, with a capacity of about 570 m , is located at SNLL. An earth berm 

surrounds this tank to contain unexpected oil spills. use is being made of mobile tankers for fuel 

oil storage at several buildings at LLNL. Future plans call for installation of underground tanks at 

these locations and for new construction. Figures 3-5 and 3-6 show the amounts of fuel oil used for 

building heat and for equipment usage respectively. 

3 . 3 . 3 . 4 .  Gasoline. Figure 3-7 shows the use of gasoline at DOE's Livermore site for the period 1973 

through 1979. The use of increased gasoline can relate to the increased number of employees1 more 

employees will use more taxi service, outside travel, and more trucks for equipment movement . 

Although the amount of gasoline used has increased, the energy conservation program has proved 

effective in minimizing this increase. The motor pool has planned the use of small nonhighway type 

electric and gasoline vehicles, reserving the larger sedans for off-site trips whenever possible . In 

addition, the large on-site use of bicycles conserves gasoline . 

3 . 3 . 3 . 5 .  Jet Fuel. Jet fuel i a  used by the turbo-prop plane leased by LI.NL for flights to the Nevada 

Test Site ( NTS ) .  The plane makes two flights a day; however , i f  there is a special project at NTS, 

additional flights might be made . The fuel usage ia shown in Pig. 3-8. The fluctuations occur as a 

function of activity at NTS , the weather, and the downtime of the aircraft. 

3 . 4 .  CONSTRUCTION ACTIVITIES 

3 . 4 . l .  Environmental 

The environmental i•pact of construction is considered from the standpoint of land use, community 

effects, and comaitment of resources. Several major construction projects have been completed at the 
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Livermore site in recent years. Accordingly, it is possible to evaluate these activities in the light 

of present-day concern on the part of the public. 

3 . 4 .  2. Land Use 

At LLNL the construction now underway, or planned for the future, uses the present site, which 

has been co11111itted to government use for over 30 years. Sand i a ' s  purchase of land in 1970 and 1979 

may be repeated in the future as operational requirements dictate. In new construction at either LLNL 

or SNLL, siting is carefully considered to assure that such construction does not result in 

destruction of trees or native plants. Consideration is given to erosion control and site drainage. 

All construction includes funds for landscaping . 

As a result of grading for the air field by the Navy in World War II, the LLNL site is reasonably 

level. Consequently, there are no natural hills that must be cut down in preparation for 

construction. Certain buildings require substantial excavation to provide for either underground 

earth shielding or basement facilities. Soil that is not required for backfill is moved to one of 

several soil stockpile areas on site. 

A survey (section 2 . 3 . 1 0 )  showed no evidence of archaeological resources on the Livermore site 

that might be destroyed by construction. 

3 . 4 . 3. Effects 

The construction activities at the DOE Livermore laboratories take place in secured areas not 

used by the public. Excavated soil is used on site so the community is not exposed to the noise and 

dust caused by tru.cking this soil to off-site disposal areas. At LLNL, the trees along the western 

perimeter act as a sight barrier. Also, the agricultural lands on the west and north act as apace 

barriers. Since construction is all on site, all residents in the vicinity have full access to their 

properties. 

Construction at the Livermore site causes heavier traffic on city streets, particularly East 

Avenue. On any given day of the work week, there may be up to 200 construction contractor personnel 

on the site. Since there are about 2500 DOE operating contractor employee cars in the parking lots on 

any work day, construction employees account for less than a 10' maximum increase in traffic. Major 

construction jobs are awarded through open bid; however ,  moat of the subcontractors are from the Bay 

Area with approximately 20' coming directly from the Livermore Valley area. 
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3 . 4 . 4 .  Commitment of Resources 

Materials used in construction represent irretrievable commitment of resouxces (see Section 8) . 

Competition for materials used in new construction has little local impact on residential 

construction. Lumber, which is the prime material in residential construction, is not used to a great 

extent in DOE construction. construction projects are competing for concrete and steel, but no 

construction at Livermore enjoys any priority in material procurement. 

3.S. WASTE MANAGEMENT 

Waste management at the DOE Livermore laboratories includes the following categories: 

• Radioactive waste. 

• Sanitary waste. 

• Chemical waste. 

• Excess properties, salvage , and reclamation. 

• Nonhazardous waste landfill. 

3 . S . l .  Radioactive Waste 

Unlike a production facility, the varied research programs at LLNL and SNLL produce a continually 

changing amount and type of radioactive waste, COlllpaction and packaging of SNLL radioactive wastes 

ace performed in Building 969. Radioactive wastes are shipped to NTS for disposal and chemical wastes 

are collected by a connercial waste disposal firm. The subparagraph• that follow describe LLNL 

procedures, but apply equally to SNLL with respect to material collection, 

Collection of Radioactive Solid Waste. Operations in a glove box produce contaminated articles 

such as laboratory glassware, transfer containers, small equipment, absorbent paper, rubber gloves , 

etc. These items are placed in an uncontaminated secondary container within the box. All such 

containers are removed from the box by bagging the container in plastic (bagging out) . The 

plastic-bagged items axe placed in covered, metal containers (garbage cans ) ,  which are lined with a 

plastic bag and a paper inner bag. 

Radioactive solid waste generated in areas other than glove boxes is placed directly in the metal 

waste containers: 

• When a contaminated waste collector is full, the plastic bag is sealed and placed in a covered 

metal drum. 
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• The filled dr1111s are transferred to the solid waste disposal facility (Building 612) where the 

contaminated waste is compacted in drums using a hydraulic press. 

• Drums containing quantities of transuranium nuclides in which the specific activity of the 

drum contents exceed 10 nCi/g are accumulated for transfer to NTS for long-term retrievable 

(above-qround) storage .  DrWlla containing waste in the nonretrievable category (<10 nCi/g) 

are transferred periodically to a land burial site at NTS. 

Radioactive, waste in a with a Retention-Tank Paths for these liquid 

waatea are as follows: 

• Laboratory sinks, lavatories, janitors' sinks, and floor BWllpB drain to retention tanks 

outside the building. This system helps prevent the inadvertent release of radioactivity to 

the sanitary sewer. 

• When a tank is full, drainage from the building is switched to another tank and a sample is 

withdrawn from the filled tank and analyzed for radioactivity. 

• If the activity is below standards set by DOE Order 5480.lA and is con.sidered to be as low as 

practicable, the liquid waste ia released to the sanitary sewer. 

• If the activity exceeds these criteria, the liquid waste is transferred to a portable tank and 

moved to the waste treatment area. The liquid waste is either added to a holding tank to 

await nor111al decontamination treatment, or it is segregated and decontaminated individually by 

a method appropriate for the radionuclides present. 

Radioactive Waste in Paths for these liquid wastes are as follows : 

• Dilutions, rinses, excess solution, etc. are collected in a glass or plastic carboy protected 

by a metal secondary container, located in the work area. 

• When a carboy is nearly full, it is loosely capped and moved outside the building to a 

designated collection area. The carboys are periodically collected and moved to the waste 

treatment area where they are evaluated for treatment procedure, and scheduled for the 

treatment indicated. 

Radioactive wastes originate in over 20 buildings in which many different operations are 

performed. However, five of these facilities are responsible for producing the bulk of all 

radioactive waste. 

Radioactive wastes are products of: 

• Chemical laboratory research and analytical processes. 

• Accelerator operations. 

• Mechanical operations. 
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Radioactive Airborne Effluents. At the Livermore site, and typically at all DOE contractor 

facilities, HEPA (high-efficiency particulate air) filters are used in exhaust air systems to assure 

that hazardous particulate matter is not released to the environment. All facilities handling 

plutonium, uranium, and beryllium are equipped with these filters. In buildings such as Nuclear 

Chemistry Operations (Section 2.1. 6. 4) and the Plutonium Facility (Section 2.1. 6. 7) , ex.haust air fro111 

the glove boxes is double-filtered. Following this filtration the air enters a manifold system and is 

filtered a third time before being exhausted to the outside atmosphere. 

Before being installed, every HEPA filter is tested for efficiency using a monodispersed 0 . 3-µm 

aerosol of dioctylphthalate (OOP) . To be acceptable, the efficiency for removing 0.3;.im particles 

must be 99.97•. As this size is the most difficult size to remove, particles larger or smaller than 

0 . 3  um will be removed with efficiencies greater than 99.97t. After installation, the REPA filters 

are tested in-place to assure that filter damage has not occurred during installation and that the 

filters are properly gasketed. Spent filters are disposed of as solid radioactive waste. 

3 . 5.1.1.  of Chemical laboratory research and 

analytical processes primarily involve analyses or studies of radionuclides, which produce 

contaminated liquid and solid waste. A few.operations involve separation of high-level material for 

diagnostics and for transplutonic-element studies. Chemical engineering research and development 

operations contribute low-level liquid and solid waste. 

3 . 5 . l . 2 .  Sources of Radioactive Wastes. The four major producers of radioactive waste at LLNL 

are: 

• 100-HeV Linear Accelerator--Building 194. 

• Heavy Element Chemistry--Building 251. 

• Metallurgy Chemistry--Building 332. 

• Light Isotope Chemistry--Building 331. 

The types of waste material and the method of generation at each of these facilities are 

described in sections 3 . 5 . l . 3  through 3 . 5 . 1 . 7 .  

3 . 5  . l . 3 .  100-HeV Linear Accelerator 194. 

3 . 5 . 1 . 3 . 1 .  solid waste. Solid waste is generated primarily by the activation of various 

components and equipment around the 100-MeV LINAC. When removed from the facility, these items are 

normally packaged and sent to Building 612 for disposal. 
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3 . 5 . 1 . 3 . 2 .  Waste. There is very little liquid waste gP.nerated at the 100-MeV LINAC. 

There are two cooling-water loops used to cool various components and targets at the accelerator; 

however , these are essentially closed-loop systems and the generated activation products are retained 

within the systems. 

3 . 5 . l . 3 . 3 .  Airborne Effluents. 
15 

The primary gaseous effluents at the 100-MeV LINAC are o
2 

and 
13

N
2

, which are produced by (y, 'll reactions on these elements in the air. The remainder 

of the airborne effluent is generated primarily by the activation of dust particles in the air.  The 

effluent air stream passes through high-efficiency filters before i t  is discharged to the stack. The 

15
0 and 

13
N pass through the filters; however , only a trace amount of the activated dust 

2 2 

appears on the downstream side of the filters. 

The effluent stream is continuously monitored for particulate radioactivity. A flow-through 

. . . . 
15 

d 
13 

. . 1on1zat1on er is to measure the o
2 

an N
2 

act1v1ty. In 1980 the releases from 

this facility resulted in a dose of 2 . 1  mrem/yr at the site boundary. 

3 . 5 . l . 4 .  Nuclear 251. 

3 . 5 . l . 4 . l .  Solid Waste . Transuranic-contaminated solid waste material i s  normally generated 

during hot-cell or glove-box operations. In ei ther case, the materiai is transferred out of the 

enclosure into a primary container free of contamination on the outer surface. Following an estimate 

of the identity and quantity of radionuclides present, the material is placed in a secondary container 

usually consisting of a heavy paper sack, plus a heavy plastic bag. This bag, when fuii, is sealed in 

a metal 210-liter drum and sent to the solid-waste handling area (Building 612) for final disposal. 

Larger items, such as pumps , manipulators, or enclosures, also are packaged and sent to Building 612 

for disposal. 

3 . 5 . l . 4 . 2 .  Waste. Highly conta.minated liquid waste is processed within the building. 

Processing consists of transferring the liquid from its point of origin to a central waste block 

through double-walled polyethylene lines. The liquid is then solidified by addition of a 

cement-vermiculite mixture. When filled, the waste block is capped off and turned over to waste 

Management (Building 612) for final disposai. Moderately contaminated liquids are placed in 

polyethylene waste jugs and sent to Building 514 for treatment and disposal. All water discharged 

from Building 251 is held in retentio·n tanks until it is analyzed for radioactivity. This is achieved 

by a central collection system that directs all water, except sanitary sewage, to two 4-m3 retention 
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tanks. Water flow to the tanks is continuously monitored for gross contamination by a scintillation 

detection system. The detector is set to alarm at twice background . All water in the tanks is held 

until laboratory analyses show that contamination levels are within acceptable discharge limits. If 

the water exceeds discharge limits, it is tranaferred via tank truck to Building 514 for treatment 

prior to disposal. 

3 . 5 . 1 . 4 . 3 .  Airborne Effluents. Airborne particulate waste generated by work performed in the 

various glove boxes and hot cells consists of alpha-Qontaminated particulates. Air from the glove 

boxes passes through double HEPA filters at the glove box and then is exhausted through m.anifolds to 

stacks on the roof top , •fhere the air is again filtered through HEPA filters. Continuous particulate 

sampling is done on all Building 251 exhausts. Gaseous waste from the several hot cells is treated 

similarly except that continuous monitoring is provided at the discharge point to provide gross 

release detection capability. Detection is provided by in-line propor tional detectors for alpha 

contaminants and Nal detectors for gamma emitters .  Room air i s  continuously sampled for particulate 

contamination and is discharged through exhaust ducts to the roof where it is filtered through filters 

rated at 95\ by NBS stain test (60-65\ by 0 . 3-H OOP smoke ) .  These filters are being replaced with 

double Ii.EPA filtration as part of the planned upgrading of this facility (see 2 . 1 . 6 . 4) . 

3 . 5 .1 . 5 .  Plutonium 332. 

3 . 5 . 1 . 5 . l .  Waste. Plutonium-contaminated solid waste is generated and handled by methods 

similar to those described for Building 251. All waste barrels are assayed for plutonium content (by 

means of a rotating-drum scanner ) before leaving the building. The scanner consists of a 76 x 76-mm 

NaI(Tl) detector connected to a multi-channel analyzer and recorder. Details of the system are 

described in Hazards Control Progress Reports. 
)-l,3-2 

3 . 5 . 1 . 5 . 2 .  Waste. All recoverable highly and moderately contaminated liquid waste is 

sent to Building 514 for tTeatment and disposal. Water from within the facility is retained in two 

4-m
3 

tanks until analysis indicates that contamination levels are within sanitary sewage discharge 

limits. Water is then released to the sanitary sewe r .  If contamination levels exceed the limits, the 

water is transferred to Waste Disposal for tl:eatment prior to disposal. 

3 . 5 . 1 . 5 . 3 .  Airborne Alpha-contaminated particulate waste is generated by operations 

in the glove boxes used for continuing processes and experimental work .  The glove box exhaust is 
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passe4 through double HEPA filters. The exhaust air is again passed through a HEPA filter before 

being discharged to the atmosphere. All exhaust air is continuously monitored for particulate 

radioactivity. Room air exhaust is filtered through double HEPA filters and temperature-activated 

water spray nozzles are installed in rOOlll exhaust ducts. These features reduce further any possible 

impact on the environment (see 2 . 1 . 6 . 7 ) . 

3 . 5 . l . 6 .  Tritium 331. Tritium waste is generated within Building 331 by the 

various experimental operations performed there and takes the form of tritiated hydrogen gas (HT) , 

tritiated water (HTO) , or solids or liquids contaminated with HT or HTO. 

3 . 5 . 1 . 6 . l .  SOlid Waste. SOlid waste is generally doubly contained, placed in metal drums, and 

sent to the SOlid Waste Disposal facility (Building 612) for disposal. 

3 . 5 . 1 . 6 . 2 .  Waste. There is no liquid waste retention tank system in Building 331.  The 

majority of low-level liquid waste (less than 5 Ci/y) is released to the sanitary sewer. The majority 

of intermediate-level (l to 10 Ci/liter) liquid waste is vacuum pump oil (�pproximately 

400 liters/y ) .  This oil i s  placed i n  4-liter metal cans and packed in a sorbent inside 210-liter 

drums (limited to 200 Ci/drum ) ,  which are disposed of as solid waste. Some other liquids are placed 

in small plastic bottles, which are then placed in 4-liter metal cans, and fhe void volume filled with 

a sorbent. The metal cans are then disposed of as solid waste. Contamination levels of the liquid 

waste in the metal cans normally vary from 100 mCi/liter to 10 Ci/liter. The remaining radioactive 

liquid waste (less than 5000 Ci/y) is collected in 20-liter bottles and sent to the waste treatment 

facility. 

3 . 5 . 1 . 6 . 3 .  Airborne Effluents. Stack effluents from the facility are continuously monitored for 

possible tritium release by drawing aliquots of the total flow through ion chambers. Both analog and 

digital integrator ion chamber output are provided . In addition, the relative concentration of H'l'O 

and HT in the effluent are measured using a molecular sieve method. In 1980, 2218 Ci of tritium (65' 

as H'fO) were released. 

3 . 5 . 1 . 7 .  Waste Facilities. The waste management facilities consist of: 

• Retention-tank systems located in buildings where significant quantities of liquid waste could 

become contaminated. All effluent from sinks and fl<X>r dra�ns is retained in 4- to 40-m
3 

tanks until the radioactivity status is determined. If the radioactivity is not as low as 
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• 

practicable, the liquid is transferred to a portable tank and sent to the liquid 

decontamination facility at Building 514. Each retention system has at least two tanks so 

that operations can proceed while the radioactivity of the tilled tank is being determined. 

carboy or small tank accumulations of intermediate-level (l to 106 uci/liter) liquid waste 

at any location and of low-level (<l UCi/liter) liquid waste at buildings without 

retention tank systems . These wastes are sent to the Solid Waste Disposal Pacility and 

stored there prior to treatment. 

• A collection and decontamination plant at Building 514 for treatment of low-level radioactive 

liquid waste. 

• A facility in the waste treatment area that is presently used tor the accWDulation of 

intermediate-level liquid waste. 

• A collection, packaging, and disposal facility at Building 612 where solid contaminated waste 

is prepared for shipment to a commercial underground storage site. 

• A decontamination facility in which contaminated articles are cleaned of radioactivity. 

3. 5 . l . 8 .  Waste Treatment Plant The Liquid Waste Treatment Plant receives 

building retention tank waste that was shown by analysis to exceed permissible dWllp limits. The 

liquid waste is transported in 4-113 portable plastic-lined steel tanks. This liquid waste is 

transferred to a llO-m3 holding tank to await decontaaination treatment. Pour s.1-1113 

plastic-lined steel tanks are used for decontamination, primarily by the coagulation-flocculation 

method. 

The slurry trom several treatments is accumulated in one tank and vacuum-filtered through 

diatomaceoua earth on a rotary drum filter. The filter cake is collected in plastic-lined drums and 

sent to the Solid Waste Disposal Pacility. A drum typically shows a gamma radiation of l mR/h at the 

surface and may contain 100 uci of alpha emitters and 150 uci of beta emitters, with an overall 

specific activity of about 2 nCi/g . The vacuum filtering produces dry-appearing flakes that contain 

about 4St water. No separation is expected since diatomaceous earth can absorb three times its weight 

of water without appearing wet. Centrifuging samples of filtered sludge produces a lOt volWlle 

separation of liquid. Testa to determine if the vibration frOll transportation to the underground 

storage site releases free liquid have not shown any free liquid. 

Liquid waste with known specific contaminants can be treated by a method more suitable for that 

material than the regular coagulation-flocculation treatment. EquiP111ent exists for special 

filtration, carbon absorption, ion exchange, centrifugal extraction, reverse osmosis, and distillation. 
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3. 5 . l . 9 .  Solid Waste The solid waste packaging, holding, and shipment activities are 

housed in Building 61 2  and its fenced and paved yard area. The contaminated waste accumulated in 

drums at the generating buildings is delivered to Building 612. The bagged waste is compacted using a 

hydraulic press and then sealed , marked, and recorded. Transuranium (TRU) contaminated waste is 

packaged in hot-dipped galvanized DOT Specification 17-ff drums. These drums are intended to comply 

with the 20-year retrieval policy of the DOE. Other waste is packaged in drums with yellow 

exteriors. The yellow drums are moved to the yard area and the galvanized drums are stored in 

Building 612 to await shipment to a DOE-approved storage site at NTS. Orum shipments are made about 

twice a year. 

The compressor plate of the hydraulically operated compactor is constructed with an integral 

hood-type controlled ventilation system exhausted through a HEPA filter. The stack exhaust and the 

work area atmosphere are monitored continuously during compacting operations. 

Objects that could damage a drum during compaction or do not fit in a drum are accumulated in 

steel containers 1 . 8  m in diameter and 2 . 1  m high. When one is filled, a gasketed steel lid is bolted 

in place and the container is moved to the yard area to await shipment. Objects too large for these 

containers are packaged in specially constructed containers which are sealed by welding the cover 

plate. 

3 . 5 . 1 . 1 0 .  Waste There is no waste storage facility at the Livermore site. Radioactive 

waste is transferred to an off-site, DOE-approved storage facility. 

3 . 5 . 1 . 11. Effluent Control The primary control system for preventing the release of 

excessive amounts of radioactivity to the environment in waste liquids is the network of retention 

tank systems. These tanks are located at the buildings where the waste liquids are generated. The 

systems are designed so that all fluids entering the building sinks or floor drains are collected in a 

tank that is isolated from the domestic sewer lines. An alarm system announces when a tank is full 

and fluid flow is switched manually or automatically to another tank. A laboratory analysis of a 

sample from the filled tank governs the disposition of the contents. 

All domestic sewer effluent leaves the site at the northwest boundary where a sampling station 

provides continuous monitoring, 3-3 5amples · are also collected at this location for detailed 

laboratory analysis. A Sl-x-51-mm NaI detector monitors continually for medium- and high-energy gamma 
. 3-3 emitters and a 3-x-127-111111 diam NaI crystal monitors continuously for low-energy gamma emitters. 

The minimum detectable concentration of 239Pu is 30 nCi/liter . If contaminants in the effluent 

exceed preset limits, an aiarm sounds at the Fire Station which is manned continuously. The 
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contamination status is evaluated by a health physicist. A three-hour period elapses between the 

alarm and the arr ival of the effluent at the Livermore Water Reclamation Plant (LWRP) , so there is 

time for evaluation of the alternatives. Opon notification, the u.JRP personnel will divert the 

effluent into orle of their holding ponds. No diversion for radioactive release has been required. 

The diverted sewage would be disposed of in accordance with the concentration found in the 

holding pond. The most likely occurrence is a release that would exceed the standards for drinking 

water by a small factor. 

The u.JRP is prepared to dispose of such sewage by a controlled release from the pond into the 

sewage treatment stream to assure an adequate dilution factor. 

In the unlikely event of a large release that results in significant contamination in the holding 

pond, the corrective action would be dictated by the level of contamination and the radionuclide 

involved . 

3 . 5 . 1 . 1 2 .  Site Administrative Limits on Effluents. The policy of the Laboratories is to maintain 

concentration of their liquid and airborne radioactive effluents to as low as reasonably achievable 

below the standards set by DOE Order 5480.lA, The current policy regarding liquid effluent tank 

releases is to discharge no more than a total of 5 µCi of alpha activity, 50 µCi of beta activity, 

and 20 mCi of tri tium activity per day to the sanitary sewer. Factors considered in making this 

decision are as follows : 

• The total quantity of radioactivity involved . 

• Whether or not there has been an attempt to remove the radioactivity from the waste solution. 

• The ability to remove the radioactivity from the waste solution. 

• The current available storage and treatment capacity at the Liquid Treatment Facility. 

Releases of radioactivity to the sanitary sewer system are usually more than 1000 times less than 

permissible levels, and it is expected that this will hold true as new facilities are constructed. 

These guidelines and considerations are applied in an effort to minimize discharges of radioactivity 

to the Livermore Water Reclamation Plant. 

3 . 5 . 1 . 1 3 .  Radioactive Waste Releases. Airborne and liquid radioactive effluents released a t  the 

Livermore site in 1980 are shown in Table 3-1. Both normal and accidental releases are included (see 

Appendix 2A) . Rowever, liquid releases should be reduced as new treatment equipment is installed, 

. 1 
3 . . 

Dur ing 979, 376 m of packaged radioactive solid waste was shipped from Livermore. Of this total, 

13 m
3 

was TRU waste. Three shipments of TRO waste were made to NTS during 1979. At Site 3 0 0 ,  

radioactive waste i s  restr icted to depleted-uranium-contaminated high�explosive debris, which i s  

buried on-site a s  described in Section 3 . 5 . 6 .  
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Table 3-1. Airborne and liquid radioactive 
effluents rel�ased in 1980 at the Liver11<>re 
site. 

Effluent Discharge (Ci) 

Airborne: 

2305 

165 

1656 

unidentified B� 5.1 x lo-5 

RTO 5 

239pu 2.8 x lo-4 
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3 . 5 . 2 .  Waste 

3. 5 . 2 . l .  General. Sanitary sewage from SNLL flows into the LLNL sewer system and the effluent of 

both laboratories is treated at the LWRP. The sewage is . continuously monitored for pR and 

radioactivity as it leaves the LLNL site to detect any potentially hazardous release soon enough to 

permit the sewage to be diverted into holding ponds at the treatment plant. Any diverted sewage is 

held until analyses show what, if any, special treatment is needed before the sewage can be treated in 

the municipal plant. In addition to the continuous sa111pling, composite sewage samples are collected 

daily and analyzed for radioactive materials and toxic metals. 

The term •sani�ary sewage• includes all liquid wastes except: radioactive wastes, toxic chemical 

wastes, and process wastes from the plating shop and printed-circuit-etching facility. Radioactive 

and toxic wastes are collected either in suitable small containers or in larger waste retention tanks, 

and disposed of by the TOxic waste control Group. Plating shop and printed-circuit-facility process 

wastes are now treated in a neutialization/ion-exchange facility. This purification system produces 

•reclaimed" water suitable for reuse in plating shop processes. 

Administrative controls are used to minimize the release of radioactive and toxic wastes to the 

sanitary sewage system. These controls include: 

• Notice labels attached to sinks connected to the sanitary sewer advising personnel to contact 

Hazards Control for disposal of hazardous wastes. 

• Instructions for proper disposal of wastes discussed in building Procedures 

and in the LLNL Health and Manual. 

• Periodic review of waste disposal techniques by H.azards control technicians assigned to the 

area. 

• Investigation of releases into the sewer system that are detected by the continuous monitoring 

system, employee reports, or other means. Formal incident reports are prepared for 

potentially serious releases and steps are taken to prevent recurrence. 

• Use of the LLNL publication (a leaflet which is distributed throughout the 

Laboratory) and Industrial Hygiene briefings to LI.NL employees regaiding proper disposal of 

wastes, details of past releases, and the importance of keeping potentially hazardous 

materials out of the sanitary sewer. 

Rainwater and irrigation runoff water are not connected to the sanitaiy sewers. Runoff is 

collected in open ditches that flow to the northwest corner of the LLNL site. After leaving LLNL, the 

water flows through other ditches until it reaches the Arroyo Laa Poaitas. Effluent blow-down water 

from LLNL cooling towers was formerly discharged into the storm water ditches. However, starting in 

3-20 

Sanitary Management

Safety

Safety-Wise

Operational Safety



1975, these discharges were connected to the sanitary sewer system and are treated at LWRP. The 

following is a brief description of the sewer system , the municipal treatment plant, analytical tests 

performed, and significant releases that have occurred in the past. 

3 . 5 . 2 . 2 .  Sewer The sanitary sewer system network has three primary elements (see Figs. 3-9 

and 3-10) . The portion of the southern half of the LLNL site that was built by the Navy, including 

SNLL, has sewer lines that flow by gravity westward along East Avenue to the southwest corner of the 

LLNL site. The rest of the southern half of LLNL has gravity flow lines running northwestward to the 

west end of 5th Street. Sewage from the northern half of LLNL flows by gravity to the northwest 

corner of LLNL. The combined sewage from the southwest, 5th Street, and northwest flows by gravity 

through a new line to the City of Livermore ' s  525-mm industrial park sewer line about 2 km to the 

northwest. 

3 . 5 . 2. J .  Livermore water Reclamation Plant (LWRP) . The LWRP i s  a 200-liter/s tertiary sewage plant 

serving the residential, commercial, and industrial users in Livermore . Sanitary sewage from the DOE 

site contributes 7t, about 1 5  liters/s, of the total sewage treated at the plant. Sewage entering the 

plant flows into the •primary settling tanks• where moat solids drop out and grease floats to the 

surface. Next, the sewage is pumped over two •trickling filter• units where aerobic bacteria growing 

on filter rock oxidize dissolved organic matter in the sewage. The sewage then enters an •activated 

sludge• aeration tank where microbes suspended in the sewage further oxidize organics to purify the 

waste. After aeration, the sewage flows to the •final �edimentation tank• where the suspended 

microbes settle out. The treated sewage is filtered through charcoal filters, and chlorinated and 

dechlorinated before being released from the plant. Treated water is used as required for irrigation 

on the golf course, airport, and nearby agricultural land. Treated water is also supplied to the 

California Department of Transportation for irr igation of landscaping on I-580. The balance is 

discharged into a pipeline and transported to San Francisco Bay (see 2 . 1 . 8 . 3 ) .  

solids from the settling tanks are pumped to anaerobic digesters where bacteria break down the 

organics to yield •stabilized sludge, •  plus methane and co
2

• This sludge is dried in open beds, and 

buried in a local landfill. The methane is used for in-plant heating as required, or burned as waste. 

The plant aiso has two emergency holding basins with a total capacity of 1 . 5  x io
5 

m
3 

or 

about six days of average flow for retention of sewage in case of plant malfunctions , a potentially 

harmful release into the sewer system, or other problems . Additionally, the basins are used to 

equalize the treatment load , storing sewage during peak production periods for release into the system 

during periods of low flow. Since the ponds are located at the treatment plant, any relea.ses into the 
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Figure 3-9. LI.NL site sanitary sewer system. 
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Figure 3-10. SNLL site sanitary sewer system . 
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sewer are diluted by the total city flow by the time they are diverted. Based on the experience in 

dealing with past incidents requiring diversions, the LWRP has had little difficulty dealing with the 

treatment of most releases from the Laboratories. Radioactivity, other than tritium, is usually 

retained in the sludge. For the DOE site to duplicate the retention and treatment capability now 

provided by the LWRP does not appear to be cost effective, considering the low frequency with which 

need for diversion occurs. 

3 . 5 . 2 . 4 .  For rapid identification of Potentially harmful releases into the sewer ,  

a continuous stream of 40 liters/min is pumped to a small building at LLNL housing detection 

instrumentation. Inside this building, the sewage is piped through a 26-liter lead-shielded tank that 

contains a recording pH meter, a low-energy NaI (Tl) detector, and a higher energy NaI (Tl) 

3-3 
detector. Output of these radiation detectors provides a capability for detection of 

radionuclides commonly used at the Laboratory. The sewage stream also flows through an x-ray 

fluorescence monitor capable of detecting transition metals such as copper and chromium. 3-4 

Audio alarms from the pH meter, the two radiation detectors and the x-ray fluorescence monitor 

are received in the LLNL firehouse, which is continuously manned . The flow time between LLNL and the 

LWRP permits ample time to investigate the source of alarm and to evaluate the problem. Based on past 

experience, the LWRP plant can be notified in time to divert sewage into holding ponds for subsequent 

treatment i f  required. 

3 . 5 . 2 . 4 . l .  Collection of A small sewage sample is picked up every 4-5 min by a 

revolving scoop (a Trebler sampler) and collected for later analysis. These composite samples are 

collected daily and analyzed as indicated in Table 2-1. 

3 . 5 . 2 . 4 . 2 .  Limits. Limitations on discharges of industrial wastes are contained in 

Livermore Ord inance No. 586. This ordinance prohibits discharge of any material that interferes with 

operation or maintenance of the sewer system or treatment plant, or that causes the City to discharge 

treated effluent that violates established standards. It also contains the specific discharge 

limitations listed below: 

• Any liquid or vapor having d temperature higher than 66
°c. 

• Any waste containing more than 200 ppm of fat, o i l ,  or grease that is petroleum-ether soluble .  

• Any gasoline, benzene, naphtha , fuel oil, or other flammable or explosive liquid, solid, or 

gas. 

• Any garbage, except if properly ground with a mechanical garbage grinder. 
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• Any ashes, cinders, sand, or other solid viscous substance capable of causing obstruction to 

the flow in sewers or other interferences with the operation of the sewage works. 

• Any waste or water with a pH lower than 6 . 8  or higher than 8 . 0 .  

• Any water or waste containing an increase o f  total dissolved solids greater than 325 ppm or 

chloride greater than 75 ppm during a single-cycle use of the water supply . 

• Any water or waste having a Biochemical OKygen Demand (BOD) greater than 300 ppm. 

• Any water or waste containing more than 300 ppm of suspended solids. 

• Any radioactive wastes except where: 

- The waste is discharged in strict conformity with current DOE recommendations for safe 

disposal of radioactive wastes. 

- The discharging of radioactive waste will not cause injury to personnel or damage to the 

sewage works. 

• Any waters intended to be used to dilute waste discharge to avoid violation of the above 

limits. 

Discharges from LLNL and SNLL meet the requirements of Ordinance 586 except for intermittent variation 

of pH above or below the 6.8 to 8 . 0  permitted range. Serious variations cause the pH monitor at LLNL 

to alarm so that the LWRP operators can be notified to take corrective action to divert the 

potentially harmful sewage. In the six years since the existing monitoring/alarm system has been 

operating, no damage to the treatment plant or receiving waters bas occurred' due to releases from the 

DOE Livermore laboratories. 

3 . 5 . 2 . 5 . Sewer Release Incidents. There have been several incidents of toxic or radioactive material 

releases into the sanitary sewer. These incidents are listed in Appendix 3A. For each incident, 

corrective measures were recommended to prevent a recurrence. Because most of the releases were from 

the plating shop, the special process waste treatment system described earlier (see 3 . 5 . 2 . l )  was 

installed. This unit significantly reduced the incidence rate of low- or high-pR discharges. 

However, the rapid warning provided by the continuous monitoring station provides the time needed to 

evaluate other possible sources of pH excursion and to recommend diversion if necessary. 

3 . 5 . 3. Chemical Waste 

Research quantities of liquid, solid, and gaseous nonradioactive chemicals are used at the 

Livermore site. Because of the diversity in the variety of chemicals handled it has not been 

practical to establish treatment facilities for these materials. At present, areas generating larger 

3-25 

Management

3-2S



quantities of chemical waste include LLNL Buildings 131, 322, and 325 (printed-circuit facility, 

plating shop and ion exchange , respectively) and SNLL's Building 913 (plating shop , and printed 

circuit facilities ) ,  Between 10, 000 and 20,000 gal of acid rinsewater waste containing copper, 

chromium, and nickel is generated at the Livermore site each month. About 5000 gal of alkaline brine 

is generated per 1DOnth from regenerating ion-exchange columns used for producing low-conductivity 

water. In 1978 about 30,000 gal of mixed acids, bases, and solvent waste were generated. Of the 

latter about 30\ was nitric acid, about 25\ chromic acid, and the balance was miscellaneous chemicals , 

including the research quantities noted above . These chemical wastes are packaged in state and 

federally approved containers and transported by licensed contractors to Class I chemical waste 

disposal sites. 

3 . 5 . 4 .  Excess and Reclamation 

3 . 5 . 4 .l .  General. Material not needed for use by LLNL personnel may be disposed of in a number of 

ways. (This is sulDlllar ized in Fig. 3-11.) If the item is being removed from a radioactive materials 

area, it must first be monitored by Hazards Control and tagged with the type of radiation, level, and 

date. If it is determined that the item is contaminated , it is sent to the decontamination group to 

be decontaminated. If the radiation level cannot be brought down to meet applicable standards , the 

item is disposed of as radioactive waste. 

Items not from a radiation area and items that have been determined by Hazards Control not to be 

contaminated , or have been decontaminated , can be sent to one of two places . Capital equipment must 

be sent to the Redeployment Center, and all other items may be sent to the Reclamation and Salvage 

Section . 

The Redeployment Center evaluates its condition and the Laboratory's need for a particular item. 

If it is determined to be of potential value to LLNL or other goverrunent agencies , it is sent to the 

Excess Property Section. Materials that cannot be repaired or have no potential value to anyone are 

sent to Reclamation and Salvage. 

3 . 5 . 4 . 2 .  Excess at LLNL and SNLL. Excess materials are listed and this list is circulated 

on the LLNL site for 30 days. If no need is found , the materials are reported on a list to DOE and 

circulated another 30 days. Items still not used are reported to the General Services Office in San 

Francisco. Thia list is circulated to other federal agencies for 60 days. If the materials are not 

needed by other federal agencies, they are then reclassified as federal surplus and made available for 

1 5  days for donation to state education agencies or other organizations specified by federal surplus 
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Figure 3-11. Disposal of excess material. 
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.guidelines. The materials remaining throughout this series are taken to the concord site of the 

Alasaeda Defense Properties Disposal Offic.e where they can be sold or stored. At SNLL, a similar 

procedure is esaployed , but items to be excessed are listed through the Sandia Property control 

Division at Albuquerque. 

3 . S. 4 . 3 .  Reclamation and Non-capital materials are evaluated by Reclamation and Salvage for 

condition and need. If the item is a stock item (currently stocked by LLNL Supply Department) and ls 

in good condition, it is returned to stock for reissue. An item may be sent for repair before 

returning to stock. Materials that axe not in stock condition but still may have some future value to 

LLNL are held in the surplus yard or surplus shelves in the Materials control warehouse. After 6 

months, the surplus items are turned over to the Excess Property Section and processed as described 

above . 

Materials that are non-repairable and non-usable are first disassembled for salvageable parts, 

then sent to scrap. 

Scrap materials are sold by bid. Metals ace segregated by type of metal (ferrous, copper ,  etc . )  

and sold by bulk weight on 3-tDOntb contracts. The exception is mercury, which is collected and 

redistilled (by outside contract) for LLNL reuse. Solvents and oils are stored in 210-liter drums and 

sold on a yearly contract. Tires are collected and sold on contract as accumulated. Paper and 

unclassified IBM cards are sold on a yearly contract. Scrap lumber is made available to LI.NL 

personnel on Saturday mornings. 

3 . S . 4 . 4 .  Used for Excess and Reclamation. The reclamation and salvage 
2 2 operation uses approximately 93 m of inside storage space and 1900 m of outside storage area. 

The excess properties operation uses approximately 110 m
2 

of inside storage area and 460 m
2 

o f  
outside storage area. 

3 . 5 . 4 . 5 .  Decontamination. Building 419 is LLNL's decontamination center for the removal of 
radioactive and toxic contaminants from equipment. Soak tanks, steam guns, mechanical abrasives, 
ultrasonics, and a vapor degreaser use niechanical, chemical ,  and heat energy to remove undesirable 
contaminants. A.1.1 wastes generated in the cleaning operation are transferred to waste Management. 
Discharged air is passed through double HEPA filters and monitored. As required, SNLL equipment can 
also be decontaminated at this facility. 
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3 . 5 . 5 .  Nonhazardous Waste Landfill 

3 
LLNL generates approximately 44 m of waste per work day which is transported to the Alameda 

County sanitary land�ill site. This debris consists primarily of 8 m
3 

of shredded computer printout 

paper, 24 m
3 

of waste paper and garbage , and 12 m
3 

of wood and other construction rubble. All such 

waste is covered i111111ediately with several feet of clean earth. Compaction is performed by large 

dirt-moving equipment. Burning is not permitted. No radioactive or toxic materials are sent to the 

landfill. 

SNLL generates approximately 6 m� of waste per day, consisting of about 2.5 m
3 

of computer 

printout paper, waste paper, and garbage , 2.5 m
3 

of cardboard, and the balance wood and rubble. 

SNLL waste is also transported to the Alameda County sanitary landfill site .  

3 . 5 . 6 .  Waste at Site 300 

3 . 5 . 6 . 1 .  Solid Radioactive or Chemical Wastes. Solid wastes resulting from detonation of test 

assemblies constitute the principal source of radioactive or chemical wastes at Site 300. Most of 

these assemblies contain depleted uranium and beryllium, although a few have contained natural uranium 

or thor ium. A limited number of experiments involving tritium have also been conducted at the Site , 

Solid waste consisting of contaminated rubble is collected from the gravel-covered firing table 

after each shot. It is estimated that most of the uranium in the test assembly is associated either 

with this debris, or remains in the gravel. That uranium debris is limited to areas adjacent to the 

firing bunkers was confirmed by the EG&G aerial radiological survey in 1975 (described in 

section 2 . 3 . 1 2) and soil analyses (described in Appendix 2A) . 

Firing table gravel and the associated debris are buried in designated disposal areas within Site 

300. These burials are made in accordance with the Code of Federal Regulations, Title 10, Part 20, 

Paragraph 20.304, which permits land burials of radioactivity equivalent to 300 kg of depleted uranium 

per yea r .  Each firing bunker maintains records of the uranium and beryllium i n  the test assemblies 

expended on its firing table. Based on these records the firing table gravel is removed to the 

disposal pit when an estimated total of 300 kg of uranium is contained in this gravel and in the 

contaminated rubble previously trucked to the pit. The pits are in the form of a trench. Gravel and 

rubble containing the estimated JOO kg of uranium are covered with 1 . 2  m of soil and a soil barrier 

l.8 m wide is established between trenches. Disposal areas are surveyed and located on the Site map 

as indicated by the circles in Fig. 3-12. 

Depleted uranium is a byproduct in the process by which enriched uranilllll (enr iched in 
235

0) is 

produced from natural uranium. In a preliminary step of this process, uranium decay products 
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including radiwa aLe chemically separate<! from the uLanium. Because the radiological hazard from 

uranium is predominantly due to radium and its decay products there is essentially no radiation hazard 

associated with the land burial of depleted uranium at Site 300. Starting with radium-free uranium, 

226 it takes over a million years for the Ra activity to gcow back into equilibrium with tbe parent 

238u, as shown by the following tabulation. 

Time after 

l x lo4 

l x 105 

l x 10 6 

3 x 10 6 

0.012 

7 . 9  

9 0 . 6  

100 . 0  

High-explosive wastes generated i n  formulation and processing ace collected from the firing 

tables and periodically burned in a remote burn area on the Site. 

At one time solid waste from Livermor e ,  consisting largely of bulky items from radiation 

workplaces at LLNL and from large animal experiments conducted at LLNL and LBL, were buried at Site 

300. Approximately 100,000 ft3 of waste was buried at the Site 300 Pistol Range Pit between 1964 

and 1973. Animal wastes and carcasses contaminated with short-lived cadionuclides accounted for 

23,000 ft3 of the total volume . The animal burial practice was stopped in 1973 when large animal 

experiments were discontinued. The remaining 77,000 ft3 of waste buried consisted of compressed 

drums, capacitors, glove boxe s ,  beryllium-contaminated filters and equipment, gas bottles, assorted 

waste chemicals, and other scrap metal primarily from the Taxi Strip and Salvage storage areas. 

Burial of this type of waste was discontinued in 1970 as a result of an LLNL policy change . 

3 . 5 . 6 . 2. Chemical Wastes. Liquid wastes from high-explosive processing are passed through 

clarifiers (settling tanks ) .  Clarified liquid is then pumped to holding ponds where it is 

evaporated . Solids are treated as solid high-explosive waste. 

3 . 5 . 6 . 3 .  Wastes .  I n  all areas except the General service Area (GSA) , sanitary wastes are 

handled by individual septic tanks or chemical toilets. All septic tanks are equipped with leach 

fields. 

A sanitary sewer system is provided in the GSA area with the sewage piped to an asphalt lined, 

oxidation pond at the southeast corner of the Site. This pond has a surface area of about 4000 m2. 

It was designed to accommodate a population of approximately 200, At present, the personnel assigned 

to the GSA area number about 100. The depth of the liquid is maintained between 1 and 1 . 5  m .  During 
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the summer months, water must be added to the pond to maintain the minimum level. A smaller overflow 

pond was constructed to provide additional capacity during the winter when evaporation is minimal. 

Samples of the oxidation pond are analyzed on a quarterly basis as part of the environmental 

monitoring program for Site 300. 

3 . 6 .  SITE 300 OPERATIONS 

LLNL' s  nonnuclear explosive tests are conducted at Site JOO. The handling of radioactive and 

toxic material and the detonation of high-explosive assemblies containing these materials are the 

principal sources of possible environmental impact. 

There are no tests at Site 300 involving high-explosive assemblies that contain fissile 

material. However, as noted in section 2 . 1 . S . 2 ,  static (e.g.  temperature cycling) and dynamic ( e . g . ,  

vibration and impulse) tests are performed at Site 300 that do involve plutonium. TWo sealed barriers 

are required for static tests and three such barriers are required for dynamic tests, and the 

ventilating exhaust air from these test facilities is passed through HEPA filters. No breach of any 

barriers are expected in any of these tests involving fissile material. All such tests are 

verification design tests and are not tests to failure. The shipment or transfer of explosives and 

radioactive material other than depleted or natural uranium and thorium in the same container or to 

the same facility at Site 300 is prohibited. 

An environmental monitoring program is maintained to ensure that the LLNL controls are indeed 

restricting effluent releases to levels well below appropriate standards. Because of the remoteness 

of this site, these experiments can be performed with minimal off-site impact from annoying noises or 

damaging overp�essures (667 pascals or 0.1 psi for a tightly-fitted window glass . )  Based on 

meteorological measurements made twice daily, a limit is set on the weight of high explosives that can 

be detonated without impact in populated areas. The Laboratory uses an offsite, overpressure limit of 

40 pascals (0.006 psi) for areas 4 . 8  km ( 3 . 0  mi) beyond the detonation point. TO monitor the 

correctness of these limits, four microbarograph sensors are maintained in or near Tracy. The 

probability of overpressure is greatest in this area due to the direction of the prevailing winds. In 

1976, there was one incident involving a noticeable overpressure which was caused by an unexpected 

change in the direction of the upper winds. There were no complaints of damage. 

An ecology study was made at Site 300 in 1974 to determine if LI.NL operations have had a 

measurable impact on plants and animals native to the area. The ecosystem is dominated by perennial 

grasslands, Small rodents abound which are preyed upon by snakes, captors, and a variety of 

carnivorous mammals. The study involved collection of plants and animals in the vicinity of the 
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high-explosive firing bunkers. Similar sample groups were also collected during this period about 

10 km west of the Site. This direction (normally upwind) and distance gave reasonable assurance that 

the latter samples would represent background conditions unaffected by LLNL operations. 

Analysis of the data showed that while tritiWll, beryllium, and uranium were present in some 

plants and animals, in general the levels measured in the biota on Site 300 were not significantly 

different from those found in the control samples collected about 10 km west of Site 300. 

As noted in 2 . 3 . 9 ,  in 1975 approximately 100 acres on the east side at Site 300 was transferred 

to the California Department of Pish and Game for use as a wildlife preserve. A radiological survey 

of this property was made in 1973 prior to the release and in compliance with AEC requirements for 

disposal of land. A terrestrial survey was made using a sensitive gamma detector (sodium iodide) with 

readings made at a nominal height of one meter above the soil surface. Soil samples were also 

collected for uranium analyses. The terrestrial radiation exposure rates, which vary from 4 . 0  to 

6 . S  U R/h, are typical for natural background for soils in this area. Likewise, the variation of one 

to three parts per million in the total uranium is within the range observed in northern california. 

Other impacts such as noise pollution from DOE high-explosive testing are ne9ligible due t� the 

distance of t.he firing bunkers from the eastern site perimeter. The closest bunker, Bunker 812, which 

is located in a deep ravine, is nearly three quarters of a mile from the perimeter. Concentrations of 

airborne berylliWll at sampling points between this bunker and the east site boundary are less than 11 

of that specified as the permissible standard. 

It was concluded from these measurements that Site 300 operations had no measurable impact on the 

area up to 1973. Since that time, annual surveys near the.site perimeters have not indicated off-site 

impact. No construction is presently planned along the east perimeter. 

3 . 7 .  HEALTH AND SAFETY IMPACTS OF LIVERMORE OPERATIONS 

The radiological impact of the DOE Livermore laboratories is bei119 assessed , on a continuing 

basis, by LLNL ' s  Hazards control Department. An annual environmental monitori119 report docWllents the 

levels of radioactive materials observed in air, water, soil and Ve9etation samples collected in the 

vicinity of the Livermore Site. Radiation dose rate measurements using thermolWllinescent dosimeters 

are also made both at the site perimeter and in the off-site vicinity. Appendix 2A contains results 

of the Livermore environmental monitori119 program for 1980. Table 3-2 shows annual airborne and 

liquid effluents releaaed during the 5-year period 1976 through 1980. These data serve aa a data base 
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Table 3-2. Airborne and liquid radioactive effluents released at Livermore durinq the 5-year period 
1976-1980. 

Annual releases 
5-year 

1976 1977 1978 1979 1980 av 

Airborne radioactive effluents: 

4 1Ar 470 378 766 383 165 432 

3"2 3990 5200 5361 4505 2305 4272 

13N - 150 1035 987 1444 829 1656 1190 

radioactive effluents: 

BTO 10 13 8 7 5 8 

239pu 1.5 x lo-4 3.6 x lo-4 8.6 x lo-4 9.8 x lo-4 2.8 x lo-4 5.3 x lo-4 

Table 3-3. Airborne 239pu and HTO concentrations at the LLNL site boundary: a 5-year data base. 

239PU 
-11 

BTO (10 

Location4 1976 1977 1978 1979 1980 Avh 1976 1977 1978 1979 1980 

a 
b 

all 

l 1.0 2.2 2.8 1.1 0 . 6  1.5 6 . 0  4.2 3.5 3.8 2.7 

2 0 .1 2.4 2.7 0.9 0.5 1.4 1 . 1  5.4 5.6 4 . 6  5.6 

12 0.9 2.4 3 . 0  l. 7 0.5 1. 7 14.2 11 .9 10.l 6.1 9.6 

13 0 . 1  1.8 2.3 1.1 0.4 1.3 4 . 1 2 . 1  2.1 3.8 3.2 

14 2.8 4.2 5.3 2.3 1.4 3.2 10.l 7.2 5.3 4.8 6 , 4  

15 1.3 1.8 2.4 1.0 0.5 1.4 6.7 4 . 4  3.8 3.4 3.4 

AV 1.2 2.5 3.1 1.4 0 . 6  1 .8 8.1 6.0 5.7 4.4 5.9 

See Appendix 2A for aaaplinq locations. 
Thia colu•n shows the 5-year averaqe by location as well as (last entry) the 5-year averaqe of 
locations. 

'l'able 3-4. Annual raaiation doses at the LLNL south site boundary (mrem) . 

1976 1977 1�78 1979 1980 

cose 893 877 230 176 148 
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4.0 
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9.6 

3.2 
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(Ci)

Liquid
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0.4
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4.0 6.4

3.4

4.4 5.9



to better evaluate the radiological impact ot current Livermore operations . The increase in 41Ar in 

1978 compared with 1977 is due to additional running time of the pool-type reactor (Building 281) 

connected with LLNL work in the National Uranium Resource Evaluation (NORE) program. The decrease in 
41Ar in 1979 reflects the termination of LLNL participation in NURE. Likewise, increase in the 
13 15 

N - 0 levels in 1978 and 1980 resulted from physics experiments requiring extended accelerator 

running times at Building 194. In 1979 the accelerator was shut down for about 3 months, explaining 

the decrease in 1 3N - 150. Table 3-3 shows a 5-year tabulation of airborne plutoniua and tritium 

concentrations measured at the LI.NL site boundary. The concentrations of plutoni1111 are within the 

range attributable to global fallout and leas than O.lt of the guideline standard (DOE Order 

5480.lA) . The highest annual average tritium-in-air concentration is also less than O . l\ of the DOE 

guideline. 

The largest potential tor radiological impact due to DOE operations at Livermore has been from 

LLNL ' s  14-MeV neutron generator in Building 212. In past years, this facility has been used in 

high-flux radiation damage studies in support of the magnetic fusion energy program. These 

experiments resulted in elevated gamma and neutron dose rates at the south perimeter of LLNL (East 

Avenue) .  

Many of these high-flux experiments are now performed at the rotating target neutron source 

(RTNS) in Building 292 located in the northwest quadrant of LLNL. Table 3-4 shows the decrease in 

radiation dose rates at the south site boundary since 1977. 

Since the maximwa allowable dose to any member of the public is 500 mrem per year, the potential 

for radiation exposure frCllll operations at Building 212 was evaluated. When the generator is 

operating, the dose rate is about O . l  mrem/h in the SNLL parking lot opposite Building 212. Assuming 

that an individual spent 45 minutes a day in this parking lot, and the high-flu.x runs were made 125 

days a year (both conservative estimates) ,  the estimated parking lot annual dose would be 9 . 4  mrem. 

Other potential exposures might have involved motorists and bicyclists on East Avenue and personnel in 

the credit union building on the Sandia parking lot. However, radiation measurements show that none 

of these exposures could have resulted in an annual dose exceeding the parking lot example. 

The ICT is located at the east end of Building 212. A radiation monitoring station has been 

maintained for several years at the fence line on East Avenue opposite this accelerator . Another 

accelerator, the Cyclograff, located in the center of the building, may also contribute to elevated 

site boundary radiation. A.C. Transit now has a bus atop on East Avenue adjacent to Building 212. 

This bus stop is closer to the Cyclograff than it is to the ICT. Radiation measurements made at the 

bus stop using hand-held instrwaents varied depending on the experiments performed at the Cyclograff. 

To better docwaent possible exposures, a duplicate of the radiation monitoring station at the ICT has 

been established at the bus atop. 
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concern has been expressed over the potential for Laboratory radioactive effluents contaminating 

the drinking water supply for the City of Livermore. Livermore obtains about 1/3 of its annual 

domestic water supply from groundwater wells and purchases the balance from the Alameda County Flood 

Control District Zone 7 .  Zone 7 diverts water from the South Bay Aqueduct to fill the Patterson 

Reservoir. Water from the Patterson Reservoir is sampled at quarterly intervals and analyzed for 

gross alpha, gross beta, and tritium activities. Typical results of these analyses are shown in 

Appendix 2A as LOcation 15 in Tables 14, 16, and 18. Samples ·from Livermore city water are identified 

in the same tables as Location 19. Both locations show radioactivity levels in the range of natural 

background and well below standards set by EPA, indicating that the Livermore Laboratories have no 

discernable effect on local drinking water supplies. 

Concern has also been expressed over the potential of accidental releases of plutonium 

contaminating the South Bay Aqueduct. Even under the worst-case conditions, which include the loss of 

the Building 332 HEPA filters, the plutonium concentration in the water of the aqueduct would be 0 . 3 %  

-8 of the permissible levels in drinking water, or 9.74 x 10 µCi/ml. 

LLNL samples wells belonging to the Alameda County Flood Control District Zone 7 in order to 

monitor ground water (wells) in the Livermore Valley. This program is designed to detexmine the 

extent tritium in the treated effluent from the LWRP migrates into ground water. Tritium activities 

in al.l samples collected we.re below the DOE guide for water in uncontrolled areas (DOE Order 5480. lAl . 

As a means of evaluating the possible impact of Laboratory effluents on locally grown foodstuff, 

the tritium content of Livermore Valley wines has been compared with other wines from California and 

with European wines. The tritium levels of local wines have been found to be within the range of both 

the European wines and surface waters throughout the world , and somewhat higher than in those 

California wines produced from grapes grown outside the Valley. (See Appendix 2A . )  

Honey produced from vegetation grown i n  the Livermore Valley has also been anal.yzed for tritium. 

The tritium content of locally produced honey was found to be similar to honey produced elsewhere. 

(See Appendix 2A. ) 

3 . 7 . 2 .  of on 

At Livermore, experts representing all safety disciplines provide safety guidance to both 

employees and management in planning, establishing, and maintaining a low-risk work environment. 

Safety teams monitor all Livermore operations to detect and evaluate hazards. Emergency response 

personnel are trained to control accidents or other emergencies. Research is conducted in such areas 

as fire safety, radiation detection and protection, chemical. hazards, and respiratory protection. 
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During the history of the Livermore site, there have been nine fatal job-related injuries. All of 

these resulted from transportation accidents (auto, helicopter ,  airplane ) . Falls or falling obj ects 

striking personnel are the most frequent cause of lost-time accidents. Less than one percent of the 

lost-time injuries are caused by toxic materials or radiation. 

The beryllium-monitoring proqram is typical of the Livermore site's attention to possible 

exposure to hazardous chemicals, Continuously operating air samplers provide filter samples from 

which the atmospheric working environment of all areas handling beryllium is evaluated. Swipe samples 

are also periodically collected from these areas. 

Livermore programs involve the use of a wide variety of radioactive and radiation-producing 

equipment. Radiation dosimeters are issued to all employees and to visitors who may enter specified 

buildings. These dosimeters record both natural background and any occupational radiation to which 

the employee was exposed . Subtractions are made for average exposures received from natural sources. 

Table 3-5 shows the radiation dose distribution for LLNL employees covering the period from 1975 

through 1979. 

The maximum permissible whole-body dose for radiation workers i s  5000 mrem/year (DOE Order 

5480.lA). In the Livermore area, the natural background radiation dose from cosmic rays, te.rrestrial 

radiation, and radiation from radionuclide in the body is about 80 mrem/year. The table shows that 

few LLNL employees receive occupational radiation doses in excess of that received from natural 

sources. 

3 . 7 . 2. l .  The LLNL Melanoma In late 1976 medical doctors specializing in the treatment of 

malignant melanoma reported to the Resource for Cancer Epidemioloqy (RCE) of the California Department 

of Health Services that an unusual number of their patients were employees of LLNL. Concurrently but 

independently the LLNL Medical Department began gathering information to determine whether or not 

employees of LLNL were experiencing an unusual risk of melanoma . 

It was soon apparent that the RCE was better equipped to conduct a meaningful study and by July 

of 1977 initial planning for the investigation and negotiations for the necessary employee data file 

were completed. 

The RCE study was completed in 1980. An LLNL committee was formed in 1980 to study detailed 

aspects of the problem. The California Legislative Audit Committee and a DOE committee have reviewed 

the RCE study. The DOE committee summarizes the problem and makes conclusions and recommendations as 

follows : "The number of cases of malignant melanoma of the skin in employees of the Lawrence 

Livermore National Laboratory reported during the period 1972-1977 exceeds the reported incidence rate 

in the surrounding two county general population by a factor of between three and four. The incidence 

rate in the immediately surrounding communities was not elevated dur ing this time period. 
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Table 3-5. Occupational radiation dose distr ibution for LLNL employees (\) . 

Year 

Whole-body dose (•r-> 1975 1976 1977 1978 1979 

Jfot detectable 86 86 86 88 90.2 
over background 

100 11 11 12 10 8 . 5  

100-499 2 . 4  2 . 5  1 . 5  l .  7 1.0 

500-2000 0 .5 0 . 5  o . s  0 . 3  0 . 3  

2000-5000 <O . l o . o  o . o  o . o  < O  . 1  
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•preliminary efforts to explain the excess have not succeeded so far in implicatinq any specific 

cause, The possibility cannot be excluded that the excess may ultimately prove to reflect the 

influence of socioeconomic factors and lifestyle, rather than exposure to a cancer-causing agent in 

the workplace. It should be noted that the incidence of malignant melanoma baa been rising rapidly in 

fair-skinned people throughout the world. 

•The occupational safety, industrial hyg iene, and medical programs in the Laboratory appear to be 

well conceived and well conducted. Onlesa a causative factor is identified in the Laboratory 

environ11ent , no protective health measures above and beyond the existing industrial hygiene, safety, 

and medical surveillance programs appear to be warranted at this time. 

•The Laboratory should be encouraged in its efforts to investigate the important problems 

associated with the observed incidence of malignant melanoma . It should be requested to submit a 

formal plan, which should include provision foe 110re complete record systems for identifying employees 

who may be exposed to potentially carcinogenic chemical and physical agents. Also the Laborator y ' s  

plan should be coordinated with the research activities of the Resource foe cancer Epidemiology 

Section of the CaliLornia State Department of Health Services and contain a target timetable for 

issuing periodic progress reports. 

•The Department of Energy should support the further epidemiological investigations of the 

Resource for Cancer Epidemiology. A proposal should be solicited frOll the Resource which avoids 

duplication with the efforts of the Laboratory but which addresses collaborative arrangements. 

•The above recommendations for research proposals are contingent on appropriate peer review. In 

addition, ongoing studies of the incidence of malignant melanoma in Laboratory employees should 

receive continuing review by outside experts . •  

Presently the DOE is funding a case control study being conducted by the RCE. This study assume� 

that the causative factor is an occupational exposure and uses extensive interviews and questionnaires 

to determine any significant historical differences between melanoma victims and matched controls. 

LLNL is also funding four studies by the LLNL Biomedical and Environmental Research Division: 

l. A death-certificate survey of all LLNL employees from 1963 to present to compare LLNL and 

California mortality rates. 

2. A melanoma-incidence study of former LLNL employees using the mail questionnaire and the 

California cancer Registry. 

3. An expanded study of LLNL records to examine possible associations between melanoma and such 

factors as job classification, length of employment, radiation exposure, project assignment, 

work locations, and physical characteristics of the employee. 
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4. A collaboration with the Kaiser Foundation Research Institute to compare melanoma incidence 

and melanoma-associated factors in LLNL employees and non-LLNL employees who use the same 

prepaid medical plan. 

The RCE study and the first three LI.NL studies ace scheduled foe completion by January 1983. The 

fourth Lt.NL study is scheduled foe completion by January 1984. The results of all these studies will 

be published in the open literature. 

3 . 8 .  SOCIOLOGICAL AND ECONOMIC IMPACT 

3.8.l. and 

The Lawrence Livermore National Laboratory of the University of califocnia began operations in 

1952 with a staff of approximately 320 people and has grown to over 8000 employees. Sandia 

Labocatories-Livecmoce began operations in 1956 with a staff of 15 and has grown to approximately 1000 

employees. The City of Livermore has also grown considerably from a Sl'lall town of 4000 in 1950 to 

approximately 50,000 in 1979. Much of the early growth of the city can be shown to be the direct 

result of the growth of the DOB Livermore laboratories. The late 1950s and early 1960s show the 

greatest effect of these laboratories on the City of Livermore population, while from 1967 the 

majority of the city ' s  growth is due to the trend of living in suburbia and wor�ing in the urban areas 

(such as Oakland , Berkeley, Hayward, and San Francisco) .  

The growth of the DOB Livermore laboratories and the City of Livermore can be seen in Fig. 3-13. 

The city has had a constant growth while the Laboratories' population began fluctuating in 1967. 

These variations reflect budgetary and progra111111ing changes, which in particular were responsible foe 

the decreases in 1970, 1971, and 1973. The effect of the DOB Livermore laboratories can be seen by 

the proportion of employees to Liver11<>re residents. Figure 3-13 shows that in recent years the 

Laboratories' population baa remained quite steady. The Livermore population continued to increase, 

indicating that the trend to suburban living and commuting to urban areas was the major contribution 

input to this increase. 

Only minimum sociological and econoaic impacts ace expected from the new construction planned for 

the laboratories. These impacts ace expected to be similar to those frOll other recent construction 

programs, and no major effects are anticipated. Bach new construction project ia evaluated for these 

impacts and appropriate documentation prepared. 
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Figure 3-13. Populations of the city of Livermore and the DOE Livermore 

laborator ies. 
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3 . 8 . 2 .  and 

It is the policy of the DOE laboratories to provide applicants and employees the right to equal 

employment opportunities and not to engage in discriminatory practices against any person employed or 

seeking employment because of race, color, religion, marital status, sex, or age. It is the intention 

of the respective Laboratories' management to measure performance of this policy against specific 

objectives and to move affirmatively towards full and equal participation of all employees in the 

opportunity available. The programs of Equal Opportunity Employment are offered to assist in the 

recruiting, training, and educating of minority and female employees. 

3 . 8 . 3 .  

The LLNL Fire Department participates in the Twin Valley (Livermore and Amador Valleys) Mutual 

Aid Agreement, under which LLNL equipment and personnel are dispatched as required within the area. A 

similar but less formai agreement exists for mutual assistance throughout Aiameda County. 

3 . 8 . 4 .  

The DOE Livermore laboratories, through research and development programs, have made and are 

continuin<J to naake technological advances in areas of impact to society. The most significant impacts 

have been from the weapons development programs . This is described in detail in section 2 . 1 . 3 .  The 

other significant programs are energy resources development and environmental modeling. In the energy 

development program, laser fusion and controlled thermonuclear reactions (fusion power) are being 

studied in order to develop a workable fusion power plant for the production of electricity. Other 

areas of energy research are in situ coal gasification, recovery of natural gas following massive 

hydraulic fracturing, the in situ processing of oil shale, use of shallow ponds as sola.r heat 

collectors, coabustion research , central solar receiver project, and magnetic fusion studies. 

3 . e . s .  Traffic and 

The transportation modes used by employees of the Laboratories varies but consists primarily of 

automobiles. Recognizing that continued increase in auto use contributes to the local potential for 

air pollution, car poolinq and busing have been encouraged tor several years. Following the 1979 fuel 

shortage and the acco1DPanying rise in the price of gasoline there baa been increased employee interest 
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in alternatives to the single-occupancy autOlllObile. Introducing the owner-<>perated van pool concept 

at Livermore has been highly successful, particularly for those riders who live at a considerable 

distance from the site. 

Based on August 1979 data, employees regularly using transportation other than single-occupancy 

auto are distributed as follows: 

car pooling 1667 

van pooling 607 

bus fleet 294 

transit riders 180 

bicycles _ilL 
total 3373 

There were 8050 employees at Livermore at the time, so those using alternatives to the 

single-occupancy auto account for approximately 42' of the overall staff. 

The Road Department of the Alameda County Public Works Agency estimates current full-volume 

(two-way) average vehicles per day traffic on East Avenue, vasco Road , and Greenville Road as follows: 

East Avenue 

East of vasco 

West of vasco 

South vasco Road 

North of East 

South of East 

Greenville Road 

North of East 

South of East 

Road* 

Road 

Avenue 

Avenue 

Avenue 

Avenue 

10,500 vehicles per day 

1 2 , 500 vehicles per day 

6,500 

l,800 

1,500 

800 

Based on a 1976 survey by the California Department of Transportation, the DOE Livermore 

laboratories contribute about 80\ of the total vehicular count on East Avenue east of Vasco Road . 

Laboratory traffic on Vasco Road is included either in the East Avenue count or the Mesquite Way 

counts. A typical 24-hour both-way total count on Mesquite is 1650 vehicles. Peak period counts 

(7:00-8:30 a111 and 4:00-5:30 pm) indicate that less than 300 vehicles arrive from or depart toward the 

East Avenue/Greenville Road intersection. 

*Location of the traffic counter on East AvenuejVasco Road intersection . 
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3 . 8 . 6. Economic 

The economic impact of the Laboratories on the City of Livermore is very strong, although the 

influence of the Laboratories is decreasing due to the increase in population and the number of other 

industries in Livermore. The economic profile of Livermore shows an average increase of 6.6% per year 

in the money received from business licenses. In 1971 the base for determining the business license 

fee was changed and the figures for 1971-75 fiscal years have been adjusted to the average increase 

(see Fig. 3-14 ) .  The actual dollar volume of taxable transactions has an average annual increase of 

12. 2,. 

The impact of the Laboratories may be seen in Table 3-6. This table shows the annual payroll of 

the DOE Liver1D0re laboratories fr018 1960 through 1979. The dollar value of this payroll spent in 

Livermore has been estimated, assuming l) a direct relation between payroll and the percentage of 

Laboratory employees living in Livermore, and 2) that 30\ of the employees' income is available to be 

spent on retail taxable sales. With these assumptions, Table 3-6 shows in the early and mid-sixties 

the Laboratories accounted for approximately 30 to 3St of the total taxable sales, but as the city has 

continued to grow and thd Laboratories stabilized this percentage has dropped to about 22,. 

The economic impact of the Laboratories is still very important to the Public School System in 

Livermore since the city is granted impact aid for students whose parents work on federal 

installations. The Livermore School District includes students from 39 federal installations with the 

largest percentage (approximately 65') being related to the Laboratories. The percentage of the 

enrolled students related to the Laboratories in the school district has decreased since 1966. The 

proportion of impact aid relative to the total expenditures has also decreased as shown in Fig. 3-1 5 .  

3 .  9 .  ACCIDENT ANALYSIS 

The following paragraphs discuss the environmental impact of accidents at the Livermore 

laboratories. Section 3 . 9 . l  deals with the accidents that have occurred. Section 3 . 9 . 2  treats some 

larger generic accidents that might occur (although the probability is extremely remote) and estimates 

their maximum off-site consequence . Section 3 . 9 . 3  SW'lllllarizes efforts to mitigate the consequences of 

any accident. 

1 . 9 . l .  Accident 

Each accident that occurs at LLNL or SNLL is documented and investigated to determine its cause. 

Based upon these investigations, corrective action is taken to minimize their recurrence. Some of 
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Table 3-6. Impact of DOE Livermore laborator ies' payrolls on Livermore . 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

(A) 
TOtal payroll 

x103 

34,672 
40,744 
44,074 
48,996 
55,861 
59,260 
63,570 
68,125 
73,414 
79,947 
87,015 
86,335 
88,674 
9 6 , 570 
98,504 

ll2,604 
131,000 
148,336 
169,400 
199,9ll 

(B) 
TOtal employees 

4,767 
5,507 
S,884 
6 , 3 3 2  
6 , 4 0 4  
6 , 4 3 1  
6 , 7 3 1  
6 , 724 
6 , 8 9 5  
7 , 0 5 3  
6 , 5 1 3  
6 , 2 7 2  
6 , 5 5 0  
6,097 
6 , 3 2 9  
6,516 
6,896 
7 , 5ll 
7,940 
8 , 178 

(C) 
Employees residing 
in Livermore 

2,643 
(2,00l) c 

(2,102) 
(2,144) 
(2,621) 
( 2 ,  759) 

3,674 
(3,006) 

3,939 
4,052 
3 ,756 
3 ,593 
3 ,  742 
3 , 530 
3 , 767 
3,814 
3,951 
4 , 214 
4 , 3 6 0  
4,268 

(Ol a 

Payroll to (C) 
x103 

1 9 , 223 
(15,227) 
(15,856) 
(17,270) 
(22,290) 
(25,619) 

35,899 
(31,040) 

41,940 
45 ,930 
50,181 
4 9 , 458 
50,659 
SS ,916 
58, 629 
65,982 
80,848 
8 6 , 213 
92,995 

104,331 

(E) 
Taxable 

transactions 
xlo3 

1 4 ,  415 
15,107 
17,653 
22,225 
24,914 
28,834 
30,590 
34,034 
41,852 
46,196 
46,245 
52,673 
58,199 
64,594 
71,524 
80,825 
93,415 

ll4,626 
129,060 
141 , 265 

a o • (A/B) x c. This assumes a direct proportion of payroll to proportion of employees 
residing in Livermore. 

40.0 
(30 . 2 )  
(26.9) 
(23.9)  
(26.8) 
(26.6) 

3 5 . 2  
(27 . 4 )  

3 0 . 0  
29 . S  
3 2 . 6  
28.2 
2 6 . l  
26.0 
2 4 . 6  
24 .S 
26.0 
22.6 
21.6 
2 2 . l  

b P • (0 x 30t)/E. Thia shows the percentage of taxable transactions resulting from Livermore 
residents who are employees of the DOE Livermore laboratories. It is assumed that 30t of the 
payroll to these employees is available for spending in Livermore, including all categories of 
retail stores and consumer services. 

c Numbers in parentheses are based on LLNL data only. 
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Figure 3-14. Economic profile of the city o f  Livermore. 
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Figure 3-15. Impact of the DOE Livermore laboratories on the Livermore school 

system. (Arrows indicate the appropr iate scale for each line . )  
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these accidents resulted in the release of radioactive or toxic materials to the environment. None of 

the accidents involved exposure to the public in excess of the appropriate radiation or concentration 

guides (COE Order 5480 .lA) . A listing of these accidents is given in Appendix 3A. 

3 . 9 . 2 .  of POstulated Accidents 

All critical facilities have been evaluated for their capacity to withstand natural phenomena 

(earthquake, wind) and maintain confinement for their inventory of radioactive materials. As a result 

of these analyses and subsequent facility modifications, natural phenomena accidents should not have 

greater enviro11111ental effects than the human error accidents discussed here. Although highly 

unlikely, it is possible that human error will result in the release of some fraction of that 

inventory. The postulated accidents described below involve the maximum amounts handled in one 

operation and are assumed to occur in conditions that maximize offsite effect in order to estimate an 

upper bound of the consequences of accidents at the Livermore site. 

3 . 9 . 2 . l .  BTO Release . This paragraph analyzes a hypothetical 1. 2-MCi BTO release following rupture 

of a vessel and oxidation of the T
2 

gas from Building 331 at LLNL or Building 968 at SNLL. 

Historically, 1 . 2  MCi represents the largest quantity of tritium ever handled at one time and is the 

maximWll authorized for a single operation. The release and its consequences are considered unlikely 

for the following reasons: 

• Currently, there are no operations planned involving this amount of tritium in one container 

or a single glove box. 

• The release of this much tritium would require the simultaneous failure of the primary vessel, 

a glove box, and the decontamination system (see section.a 2 . 1 . 6 . 6  and 2 . 1 . 6 . 1 3 ) . 

• Previous experience with large tritiWI releases baa shown that l'llOst of the material remains as 

tritium gas, which is 400 times less hazardous than tritiated water vapor (see COE Order 

5480.lA) . 

• An east wind maximizes the population dose and nearest-neighbor dose, but is not the most 

prevalent wind direction. 

However, this analysis does place an upper limit on the consequences of a tritium release at either 

LLNL or SNLL. 

Table 3-7 gives the ratio of concentration to release rate ()(/Q) for various distances west of 

Building 331 or Building 968. The X/Q's were derived from wind speed, direction, and variability 

3-5 
measurements using Gaussian diffusion equations. These measurements were made at 30-min 

3-48 

Analysis

3-48



w 
I .... "" 

Table 3-7 . Values of x/Qa at var ious distances west of the tritium research facilities. 

Meteorology 

data base Condition seb 

Annual Median i . 2  x i o- s  
95th percentilec 2 . 6  x lo- s 

Dry season Median 2 . 0  x i o- s  

95th percentile 8 . s  x l0-5 

Wet season Median 1 . 1  x lo-s 

95th percentile 1.8 x l0-5 

a Units are s/m3 . 
b Site boundary. 

Distance downwind 

l 2 

1 . 1  x 10-S 1 . s x lo-6 

2 . s x lo-5 1 . 8  x l0-5 

1 . 9  x 10-S l . i!  x lo-5 

4 . 6  x io-5 3.6 x ·l0-5 

1 . 0  x 10-s 6 .s x lo-6 

1 .  1 x io- 5 1 . 2  x io- 5  

5 

2 . 9  x lo-6 

l . o  x lo-5 

4 . 6  x 10-6 

2 . 4  x io-5 

2 . 6  x i o-6 

s . o  x io-6 

c Means the probability is 0 . 9 5  that the actual X/Q will be less than that stated. 

10 20 so 

i . 2  x lo-6 s .s x lo-7 1 .7 x lo-7 

4 . 6  x lo-6 2 . 2  x lo-6 8 . o  x lo-7 

1 . 9  x lo-6 8 . s  x io-7 2 . 8  x lo-7 

i . 2  x io-5 
6 . 0  x io

-6 2 . 1  x 10-6 

i.1 x io-6 

2 . 5 x io-6 
4 . 8  x l0-7 

1 .1 x io-6 
1 . 5 x 10-7 

4 . 0  x 10-7 

(km)



intervals for one year at a 40-m meteorological tower at the Livermore site. Table 3-8 gives downwind 

concentrations assuming that the 1. 2 Mei are released uniformly over a 10-niin interval. Table 3-8 

also gives the estimated doses to persons standing directly under the centerline of the cloud during 

i� entire passage. The conversion constant from concentration to dose, 3 . 7  x 10 

(rem/m
3

) / (pCi/s) was derived by assWlling: 

• 

• 

• 

• 

• 

• 

• 

• 

A biological half-life of 8 . 5  days. 3-6 

3-7 N1 average energy per decay of 5 . 7  keV • 

The critical receptor is body water ( 4 3  kg) , 3-7 

3-8 
The breathing rate is 20 liters/min • 

Absorption of HTO through bare skin is at 1/2 the inhalation rate • 

Clothing cuts the absorption to 3/10 the inhalation rate • 

3-8 
All the HTO inhaled is absorbed by the lungs • 

The quality factor for tritium betas is one. 
3-9 

-14 

A maximum site boundary dose of 5 . 3  rem occurs at the SNLL northeast perimeter. For comparison, 

the Code of Federal Regulations, Title 10, Chapter 100 uses an accidental whole body exposure dose of 

25 rem at the site boundary as a power-reactor siting criterion. 

The maxiniwn dose to an off-site resident is 3.8 rem. The EPA has drafted criteria for planning 

. 3-10 protective actions following radiological accidents that could present a hazard to the public. 

In these criteria, EPA recommends that protective action be considered if the actions could reduce 

whole body doses l to 5 rem. The higher guide ( 5  rem) is a mandatory level at which effective actions 

should be taken to protect the general public unless the action would have greater risk than the 

anticipated dose. 

The Laboratories are considering protective actions for nearby residents. However, the 

consequence of this postulated accident is not serious, even without protective action since the dose 

estimates for the tritium release are conservative. They assume that the individual, or population in 

each sector, stood outside under the cloud centerline and that all of the tritium is in the form of 

RTO. Table 3-9 gives the population dose in the downwind sector. Even the maximum doses are only 

about 1/4 of the population dose from natural radiation background. 

3 . 9 . 2 . 2 .  of POstulated Accident. It is postulated that the criticality 

accident occurs at LLNL ' s  Building 332 (the Plutonium Facility) and involves a fission yield of 1018 

fissions. Building 332 was chosen because most of the Liver1110re site ' s  work with fissile materials is 

done there. 

3-50 
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Table 3-8. Estimated concentrations and doses downwind (east wind) from a 1 . 2 MCi/10 min HTO release from the tritium research 
facilities. 

Meteorology Distance downwind 
data base Condition sea 1 2 5 10 20 50 

Concentration (Ci/m3) 

Annual Median 2.4  x 10-2 2. 2 x 10-2 1 . 5  x 10-2 5 . 8  x lo-3 2.4  x lo-3 i . 1  x lo-3 3.4  x 10-4 
95th percentileb 5 .2 x 10-2 5 . o  x 10-2 3.6 x 10-2 2.0  x 10-2 9.6  x lo-3 4.4  x lo-3 1.6 x io-3 

Dry Median 4.o  x 10-2 3 . 8  x lo-2 2. 4  x 10-2 9 .2 x 10-3 3 . 8  x lo-3 1.7  x lo-3 5.6 x 10-4 
season 95th percentile 3.6 x 10-2 9 .2 x 10-2 1. 2 x lo-2 4 . 8  x 10-2 2.4  x 10-2 i.2 x io-2 4 .2 x lo-3 

Wet Median 2.2 x lo-2 2.0  x 10-2 1 . 3  x 10-2 5.2 x 10-3 2. 2 x lo-3 9.6  x lo-4 3.o  x io-4 
season 95th percentile 4.6 x lo-3 3.4  x 10-2 2. 4  x lo-2 1.0  x 10-2 5.0 x 10-3 2.2 x lo-3 8 . o  x lo-4 

Doses (rem) 

Annual Median 5.3 x io-1 4.9 x 10-1 3.2 x 10-1 1 . 3  x lo-1 5 . 3  x lo-2 2.3  x 10-2 7.5 x lo-3 
95th percentile 1.2 1.1  8 . o  x 10-1 4.4  x lo-1 2 .1 x 10-l 9.8  x lo-2 3.5  x io-2 

Dry Median 8.9  x 10-1 8 . 4  x 10-l 5 . 3  x 10-1 2.0  x 10-l 8 . 4  x 10-2 3.8 x 10-2 i .2 x 10-2 
w season 95th percentile 3.8 2.0  1.6  1.1  5 . 3  x lo-1 2 .6 x 10-l 9 . 3  x io-2 I UI � 

Wet Median 4 . 9  x 10-1 4.4  x io-1 2.9 x 10-l 1 . 1  x 10-1 4.9 x 10-2 2 .1  x 10-2 LB x io-2 
season 95th percentile 1 .8 x io-1 7 . 5  x 10-1 5 . 3  x io-1 2. 3  x lo-1 i.1  x 10-1 4 . 9  x io-2 1 . 8  x io-2 

a Site boundary. 
b Means the probability is 0.95 that the actual dose will be less than that stated. 



Table 3-9. Population dose to 1.2 x 106 persons downwind of the 
tritiwa research facilities following a 1 . 2-MCi BTO release in an 
east wind. 

Population 
Meteorological dose 

data base Condition (lian-rem) 

Annual Median 11,000 
95th percentilea 46,000 

Dry season Median 33,000 
95th percentile 126,000 

Wet season Median 10,000 
95th percentile 31,000 

a Means the probability is 0.95 that the estimated dose will be 
less than that stated. 
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. 3-11 3-12 3-13 
Aspinall, Woodcock ,  and Stratton have analyzed theoretical and actual yield 

data for criticality accidents . Actual accidents involving solid plutonium, as handled in 3 3 2 ,  have 

18 3-12 
yields lower than the 10 -fission accident analyzed here. Woodcock estimates the maximum 

18 
potential magnitude of a criticality accident involving solid plutonium as 10 fissions. To place 

an uppex bound on the effects of a criticality accident, we have used Woodcock•s
3-12 

theoretical 

estimate. 

At t + l min, the total quantity of fission products remaining after a 1 0
18

-fissions accident 

is approximately 2 . 5  x 1 0
5 

Ci. At t + 10 min, the total activity will have decayed to 1 . 5  x 

1 0
4 

Ci. By far the largest portion of the fission products will be in the nonvolatile form. The 

volatile isotopes which are the most significant when considering possible release to the environment 

are given in Table 3-10. 

3 . 9 . 2 . 2 . l .  Effects of Fission-Product Release to the Environment. As indicated in 3.9. 2 . 2 ,  

about 1 . 5  x 10
4 

Ci of fission-product activity would be present a t  t + 10 min after the postulated 

10
1 8

-fission criticality accident. 
3-14 

The Nuclear Regulatory Commission has suggested that for 

plutonium criticality accidents involving solutions of plutonium, the following release fractions be 

used: 100\ for noble gases, 25\ for halogens, and l\ for all remaining fission products. Solid 

plutonium criticalities will release a smaller percentage of fission products so that the assumed 

release fractions are conservative. Air exhausted from facilities most likely to suffer a criticality 

accident passes thxough HEPA filters to ensu.re minimum release of particulates to the environment. 

By assuming that a release occurs uniformly over a 1 0  min period and by using the median and 

95\-probability X/Q values given in Table 3-11 one can calculate the concentrations and possible 

doses to persons downwind. Possible dose pathways that should be considered include submersion, 

inhalation, and forage-cow-milk. Important nuclides and appropriate dose conversion constants are 

given in Table 3-12 .  The dose conversion constants were obtained from various sources, but primarily 

3-15 from Ng .  

The doses are calculated for a n  east wind and thus demonstrate the maximum environmental effect. 

The most probable wind direction is west to southwest. The hills near the site, north, east, and 

south, will reduce ground-level concentrations on their far sides. Population densities are highest 

in the sectors west of LLNL (see Figs. 2-9 and 2-10) . 

To determine the concentration of these isotopes at various distances downwind along the line of 

release and the resulting integrated dose , three sets of tables are provided to cover annual 

(Tables 3-13 and 3-14) , wet season {Tables 3-15 and 3-16) , and season (Tables 3-17 and 3-18) 

conditions. The radioiodine and cesium (from xenon decay) tend to attach themselves to particulates 

3-53 
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Table 3-lo. Volatile isotopes from lol8_fissions accident . 

Activity released 

Isotope (half life) (Ci at t • 0) 

1311 ( 8 . 0 5  d )  0 . 7 5  

1321 ( 2 . 4  h) 
3 . 3  

1331 ( 2 0 . 5  h) 18 

134 1 (52.5 m) 
450 

135
1 (6.68 h) 48 

l35mxe (15 m) 
395 

l38 xe (17 m) 
1050 

87
Kr ( l . 3  h) 

ll2 

83111Kr (l.86 h )  
1 3 . 5  

88 Kr ( 2 . 8  h )  69 . 5  

84m
Kr ( 4 . 4  h) 

18. 5 

l35xe (9 . 2 h )  3 6 . 4  

l33•
xe ( 2 . 3  d) 0 . 2  

l33Xe ( 5 . 2 7  d )  2 . 7  

l3lmXe (12.0 d) 
0.06 

85Kr (l0.4 y) 
0.002 

3-54 

isotOPOs frog 1018-fissions accid
ent.

Isotope (half life)

Activity

(Ci at

131I 
0.75

132I 
3.3

133I (20.5 h) 
18

1341

135/ 
48

135exe 
395

138Xe

87
Kr

8Ulm

88Kr (2.8 h) 
69.5

84m
Kc (4.4 h)

135xe

133.Xe

133Xe

131exe

85Kr
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Table 3-1 1 .  Values of x/oa at various distances west of Building 332. 

Meteorology Distance downwind (km) 

data base Condition sBb l 2 5 

Annual Median 1 . 0  x lo-5 3 . 1  x lo-5 9 . 4  x lo-6 2 . 1  x lo-6 

95th percentilec 2 . 1  x lo-4 i . o  x lo-4 2 . 6  x lo-5 4 . 9  x l0-6 

Dry season Median 7 . 6  x lo-5 3 . 1  x io-5 9 . o  x lo-6 1 . 9  x lo-6 

95th percentile 4 . 5  x lo-4 i .  1 x lo-4 4 . 2  x lo-5 1 .o x l0-6 

Wet season Median 6 . 9  x lo-5 3 . 1  x lo-5 9 . 4  x lo-6 2 . 1  x lo-6 

95 th percentile 2 . 6  x lo-4 i . o  x lo-4 2 . 1  x l0-5 5 . o  x l0-6 

a Units are s/m3 • 
b Site boundary (0.69 km from Building 332) . 
c Means the probability is 0.95 that the actual x/Q will be less than that stated. 

10 20 50 

6 . 6  x lo-7 

1 . 3  x lo-6 
2 . 2  x lo-7 

3 . 8  x l0-7 
4 . 2  x lo-8 

5 .  3 x lo-8 

5 . 4  x lo-7 1 . 5  x l0-7 2 . 3  x 1(: 
1 . 8  x 10-6 4 . 6  x 10-7 7 . 2  x 10 

6 . 9  x lo-7 2 . 1  x l0-7 4 . 7  x 10=: 
1 . 4  x lo-6 4 . 5  x 10-7 9 . 1  x 10 



Table 3-12. NUclides of importance released during a maximum credible accident. 

Nuclide Half-life Source strengtha 

(h) 

87!Cr 1.27 

88ter 2.8 

1311 194. 

133 1 21. 

134 1b 0.87 

l35yb 6 . 7  

135xe 9 . 2  

l35mxe 0 . 2 6  

l38xe 0.28 

l38ca 0 . 5 3  

a AssWDe 10-min release. 
b Half-life too short to be 
c 138cs forms front decay ?f 

(pCi/s) 

1.8 x loll 

1 . 2  x lo ll 

3.2 x 108 

7 . 5  x lo9 

1 . 8  x loll 

2 . 0  x 1010 

6 . 0  x 1010 

6 . 5  x ioll 

1 . 7  x 1012 

c 

of importance in 
138xe and is not 

l>:>se conversion constant Pathway 

rem/m2 rem/m2 

pCi/s pCi 

2 . 6  x io-13 Submersion 

5.0 x lo-13 Submersion 

3. 4 x 10-10 Inhalation 

2.1 x lo-5 Forage-cow-milk 

9 . 2  x 10-11 Inhalation 

6 . o  x lo-7 Forage-cow-milk 

5 . 8  x lo-12 Inhalation 

2.8 x 10-11 Inhalation 

7. 5 x lo-14 Submersion 

1 . 3  x lo-13 Submersion 

7 . 2  x io-14 Submersion 

7 . 2  x io-14 Submersi"n 

forage-cow-milk pathway . 

released at time ,,f accident. 
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Organ 

affected 

Whole body 

Whole body 

Thyroid 

Thyr,,id 

Thyroid 

Thyroid 

Thyroid 

Thyroid 

Whole body 

Whole body 

Whole body 

Whole body 

body

6.5
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Table 3-13. Concentration (pCi/m3 ) of nuclides of importance at various distances west of Building 332,  based on the annual east 
wind meteorological summary. 

Nuclide Condition sea 

87 Kr Median 1 . 2  x 107 

95th percentileb 4 . 1  x 107 

88gr Median 8 . 2  x 106 

95th percentile 3 . 0  x 107 

131 1 Median 2 . 2  x 104 

95th percentile 8 . 6  x lo' 

133 1 Median 5.3 x 105 

95th percentile 2 . 0  x 106 

134 1 Median i . 2  x 107 

9 5th percentile 4 . 0  x 107 

1351 Median 1 . 4  x 106 

95th percentile 5 . 4  x 106 

13Sx Median 4 . 1  x 106 

95th percentile 1 . 6  x 107 

135axe Median J . 6  x 107 

9 5th percentile 1 . 0  x 108 

138xe Median 9 . 4  x lo7 

95th percentile 2 . 1  x 108 

l38cs Median 8 . 1  x lo7 

95th percentile 2 . 8  x 108 

1 

5 . 0  x 106 

1 . 6 x 107 

3 . 6  x 106 

1 . 2  x 107 

9 . 9  x 103 

3 . 2  x lo4 

2 . 3  x 105 

7 . 5  x 105 

5 . 0  x 106 

1 . 5  x 107 

6 .2 x 105 

2 . 0  x 106 

1 . 9  x 106 

6 . 0  x 106 

1 . 4  x 107 

3 . 8  x 107 

3 . 7  x lo7 

l .O x 108 

3 . 6  x lo7 

l . O  x 108 

Distance downwind (km) 

2 

J. .5 x 106 

4 . 0  x 106 

1 . 1  x 106 

2.9 x 106 

3 . 0  x 103 

8 . 3  x 103 

1 . 0  x 104 

2 . 0  x 105 

1 .4 x 106 

3 . 6  x 106 

l . 8  x 105 

5 . 0  x 105 

5 . 5  x 105 

1 . 6  x 106 

3 .0 x 106 

7 .8 x 106 

8 . 3  x 106 

2 . 2  x 107 

9 . 2  x 106 

2 . 4  x 107 

5 

2 . 5  x 105 

6 . 3  x 105 

2 . 3  x 105 

5 . 0  x 105 

6 . 7  x 102 

1 . 6  x 103 

1 . 5  x 104 

3 . 6  x 104 

2 . 2  x 105 

5 . 4  x 105 

3 .8 x 104 

9 . 2  x 104 

1 . 2  x 105 

2 . 8  x 105 

2 . 3  x los 

5 . 7  x 105 

6 . 8  x 105 

l .  7 x 106 

l .2 x 106 

2.9 x 106 

a Site boundary (0.69 km) . 
b Means the probability is 0 . 9 5  that the concentration will be less than that stated. 

10 

5 . 8  x 104 

1 . 1  x 105 

5 . 8  x 104 

1 . 1  x 105 

2 . 1  x 102 

4 . 2  x 102 

4 . 8  x 103 

9 . 8  x 103 

4 . o  x 104 

7 . 9  x lo4 

i . 2  x 104 

2 . 4  x 104 

J . 6  x 1 04 

1.2 x 104 

1 . 1  x 104 

3 . o  x 104 

J . 7  x lo4 

9 . 9  x 104 

1 . 5  x 105 

J . 4  x 105 

20 

9 . 4  x 103 

l . 6  x 104 

1 . 3  x 104 

2 . 2  x 10
4 

70 
1 . 2  x 102 

1 . 5  x 103 

2 . 3  x 103 

4 . 9  x l o3 

8 . 8  x 103 

3 . 4  x 103 

5 . 0  x 103 

1 . 1  x 1 04 

1 . 6  x 104 

1 . 8  x 102 

l . 5  x 103 

7 . 3  x 102 

5.4 x 103 

l . o  x 104 

2 . 2  x 1 04 

50 

2 . 2  x 102 

9 .9 x 102 

1 .0 x 103 

1 . 6  x 103 

13 
17 

2.5 x 102 

3 . 3  x 10 2 

45 
2.9 x 1 02 

4 . 4  x 102 

5.8 x 102 

1 . 6  x 103 

2 . 1  x 103 

2 . 0  x 10-2 

4 . 2  

4 .8 x lo-2 

15 

14 
3 . 5  x 102 
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Table 3-14. Estiraated downwind doses (rem) from nuclides of importance, based on the annual east wind meteorological summary. 

Nuclide Pathway Conditi<:>n 

87Kr Submersion Median 
95th percentileb 

88Kr Submersion Median 
95th percentile 

131 I Inhalation Median 
95th percentile 

Forage-cow- Median 
milk 95th percentile 

l33I Inhalation Median 
95th percentile 

Forage-cow- Median 
milk 95th percentile 

1341 Inhalation Median 
95th percentile 

1351 Inhalation Median 
95th percentile 

ll5xe Submersion Median 
95th percentile 

l35tnxe Submersion Median 
95th percentile 

138xe Submersion Median 
95th percentile 

138c5 Submersion Median 
95th percentile 

sea l 

1.9 x lo-3 
6 .s x io-3 

8 . 1  x 10-4 
2 . s  x lo-1 

2 . 4  x lo-3 
9 . o  x io-3 

i . 1  x io-3 
3 .s  x io-3 

4.6  x io-3 
1 .8 x l0-2 

2.0 x lo-3 
6 . 5  x l0-3 

3.6 1.6 
14 5.2  

2.9  x io-2 
i.1 x 10-1 

1.3 x io-2 
4 . 1  x lo-2 

1 . 9  8 , 4  x io-1 
7 .0  2 .7 

4 . 1  x io-2 1.8 x lo-2 
1.4 x io-1 5.2  x 10-2 

2.3 x io-2 l.O x 10-2 
9 . 1  x io-2 3. 4  x lo-2 

1.9 x lo-4 8 . 4  x lo-5 
1.0 x io-4 2.7 x 10-4 

2.8 x lo-3 
8 . 1  x lo-3 

1 . 1  x lo-3 
2.9 x lo-3 

4.0  )( 10-3 
i . 2  x io-2 

1 . 6  x io-3 
4 . 4  x 10-3 

3.7 x lo-3 
i.2 x io-2 

l.6  x lo-3 
4 . 5  x lo-3 

Distance downwind (km) 

2 

2 . 3 x lo-4 
6 . 2  x lo-4 

3. 2  x io-4 
8.6 x lo-4 

6.1  x lo-4 
1 .7 x lo-3 

4.9  x 10-1 
l. 3 

3. 9  x lo-3 
i . 1  x io-2 

2.5  x io-1 
1 . 0  x 10-1 

4 . 8  x lo-3 
1 .3 x io-2 

3.1  x lo-3 
8 . 4  x lo-3 

2.5  x lo-5 
7 .o x 10-5 

2. 3 x lo-4 
6 . 1  x lo-4 

3 .6 x lo-4 
9 . 5  x lo-4 

4.0 x io-4 
1 . 0  x 10-3 

5 

3.9  x lo-4 
9.8  x io-5 

6.8 x io-s 
Ls x l0-4 

1 . 4  x lo-4 
3 . 2  x l0-4 

1 . 1  x 10-l 
2.5 x lo-1 

8 . 3  x lo-4 
2.0 x io-3 

5 . 4  x 10-2 
1.3 x io-1 

7 .5  x lo-4 
1 . 9  x io-3 

6.4  x lo-4 
1 . 5  x lo-3 

5 . 4  x lo-6 
1 .3 x lo-5 

1 . 8  x lo-5 
4 . 4  x 10-5 

2.9 x lo-5 
1.2  x lo-5 

5 . 3  x lo-5 
1 .3 x io-4 

a Site boundary (0.69 km). 
b Means the probability is 0.95 that the dose will be less than that stated. 

10 20 so 

9 . 0  x lo-6 
1 .7 x lo-5 

l . s  x l0-6 
2 . 4  x l0-6 3 .4  x lo-8 

i . s  x lo-7 

1 .7 x lo-s 
3. 3 x lo-5 

4 . o  x lo-6 
6 . 5  x io-6 

3.0 x io-7 
4 .7 x 10-1 

4 . 3 x io-5 
8.5 x lo-5 

1 . 4  x l0-5 
2 . 5  x io-5 

2.1  x io-6 

3 . 5  x lo-6 

3.4 x io-2 i . 1  x io-2 2.2  x lo-3 
6.1 x 10-2 2.0 x 10-2 2.7 x 10-3 

2.6 x lo-4 8 .3 x 10-5 l . 4  x io-5 
5.4  x lo-4 i . 2  x io-4 l . 8  x io-5 

1 .7 x 10-2 5.4 x lo-3 9 . 5  x 10-4 
3.5 x io-2 8 . 1  x io-3 i . 2  x lo-3 

1 . 4  x lo-4 i. 1 x lo-5 1 . 6  x lo-7 
2.8  x 10-4 3.1  x lo-5 i . o  x lo-6 

1 . 9  x io-4 5.7 x lo-5 7 . 4  x io-6 
4 . o  x lo-4 8 . 4  x lo-5 9 .  7 x lo-6 

1.6 x lo-6 4 . 9  x lo-7 4.o  x lo-8 
3. 2  x 10-6 1 .3 x lo-7 9 . 5  x lo-8 

8.6 x lo-7 1.4  x lo-7 l.6  x io-12 
2.3 x lo-6 1.2 )( 10-1 3. 2  x 10-lO 

1.6  x lo-6 3. 2  x 10-8 2 . 1  x 10-12 
4. 3 x lo-6 2.4 )( 10-7 6 . 5  )( 10-10 

6.7 x lo-6 4 . 5  x lo-7 6.o  x 10-10 
1 . 5  x 10-5 9.1 x io-7 l . 5  x lo-8 

tf,



Table 3-15. Downwind concentrations (pCi/m3) of nuclides of importance, based on the wet-season east wind meteorological summar y .  

Distance downwind 

Nuclide condition SBa 1 2 5 10 20 so 

87Kr Median 1 . 2  x 107 5 . 2  x 106 1 . 5  x 106 2. 7 x 1 05 6 . S x lo4 1 .  2 x 102 3 . 6  x 102 

95th percentileb 4 . 1  x 107 1 . 6  x 107 4 . 0  x 106 6 . 5  x 105 1 . 6  x 105 3 . 1  x lo4 16 

88 xr Median 8 . o  x 106 3 . 6  x 1 06 1 . 1  x 1 06 2 . 2  x 105 6 . 1  x io4 1 . 6  x io4 1 . 3  x 103 

95th percentile 3 . 0  x 1 07 1 . 2  x 1 07 2 . 9  x 106 5 . 2  x 1 05 1 . 3 x 105 3 . 5  x 104 3 . 7  x 10 3 

131 l Median 2 . 2  x io4 9 .  9 x 103 3 . 0  x 103 6 . 7 x lo2 2 . 2  x io2 67 15 
95th percentile 8 . 3  x 1 04 3 . 2  x 104 8. 7 x 103 1 . 6  x 103 4 . s  x 102 1 . 4  x io2 29 

133 1 Median 5 . 1  x 105 2 . 3  x 105 1 . 0  x 104 1 . 6  x 104 5 . o  x 103 1. 7 x 103 2 . 9  x 102 

95th percentile 2 . 0  x 106 7. 5 x l os 2 . 0  x 105 3 . 8  x 104 1 . 1  x lo4 3 . 2  x 103 5 . 9  x 102 

134 1 Median 1 . 2  x 1 07 5 . 0  x 1 06 1 . 4  x 1 06 2 . 3  x 105 4. 1 x 1 04 6 .  5 x 1 03 83 
95th percentile 4 . 0  x 1 07 1 . 5  x 1 07 3 . 6  x 1 06 5 . 8  x 105 1 . 3  x io5 2 . 0  x 1 04 5 . 4 x 102 

135 1 Median 1 . 4 x 106 6 .  2 x 105 1 .  8 x 1 05 4 . o  x 104 i . 2  x io• 3 . 6  x 103 s. 2 x 102 

95th percentile 2. 4 x 106 1 . 2  x 106 3 . 6  x 105 1 . 2  x 104 2 . 0  x 1 04 5 . 6  x io3 8 . 4  x 1 02 

w 135 xe Median 4 . 1  x 1 06 1 . 9  x 106 5 . 3  x 105 1 . 2  x 105 · 3 . 8  x io4 i . 2  x 104 1 .  9 x 1 03 I 
OI 95th percentile 1 . 6  x 107 6 . 0  x 106 1 . 6  x 106 2 . 9  x 105 7 . 8  x 104 2 . 3  x lo4 4 . 0  x 10 3 "' 

1 35mxe Median 3 . 6  x 1 07 l . 5 x lo7 3 . 3  x 106 2 . 9  x 105 1 . 8  x 104 3 . 6  x 102 2 . 6  x 1 0-2 
95th percentile 1 . 0  x 108 3 . 8  x 107 8 . 5  x 106 9 . 1  x 1 05 8 . 5  x lo• 3 . 3  x 103 5 . 7  

138xe Median 9 . 5  x lo7 3 . 9  x 107 1 . 1  x io7 8 . 3  x 105 5. 8 x 104 1 . 4 x 103 i . o  x 10-1 

95th percentile 2 . 9  x 108 6 . 0  x 108 2 . 2  x 107 2 . 6  x 1 06 2 . 6  x 105 1 .  2 x io4 
20 

138cs Median 7. 4 x 107 3 . 8  x l o7 9 . 7  x 106 1 . 4 x 1 06 2 . 0  x 105 1 . 5  x 104 35 
95 percentile 2 . 8  x 108 1 . 1  x 108 2 . 5  x io7 3 . 5  x 106 6 . 2  x 105 6 . 6  x 104 5 . 2  x 102 

a Site boundary (0.69 k m ) .  
b Means the probability i s  0.95 that the concentration w i l l  be less than that stated. 

(km)
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Table 3-16. Estimated downwind doses (rem) from nuclides of importance , based on the wet-season east wind 111eteorolog ical summary. 

Nuclide Pathway Condition 

87xr Submersion Median 
9Sth percentileb 

88Kr Submersion Median 
9S th percentile 

131 I  Inhalation Median 
95 th percentile 

Forage-cow- Median 
milk 95th percentile 

133I Inhalation Median 
95th percentile 

Forage-cow- Median 
milk 9Sth percentile 

134I Inhalation Median 
95th percentile 

1351 Inhalation Median 
95th percentile 

l 35xe Submersion Median 
95th percentile 

l3 5111J<e Submersion Median 
95th percentile 

l38xe Subalecs1on Median 
95th percentile 

138cs Submersion Median 
95 th percentile 

ssa l 

1 . 9 x lo-3 
6 . S  x 10-3 

8 . 1  x lo-4 
2 . S  x io-3 

2 . 4  x io-3 
9 . 0  x lo-3 

i . 1  x lo-3 
3 . 5  x l0-3 

4 . 5  x lo-3 2 .o x lo-3 
1 .  1 x l0-2 6 .5 x l0-3 

3 . 6  1 . 6  
13 S . 2  

2 . 8  x 10-2 
l . l  x lo-1 

1 . 3 x io-2 
4 . 1  x io-2 

1 . 8  8 . 4  x io-1 
7 . 0  2 . 7  

4 . o  x io-2 1 . 8  x 10-2 
1 . 4  x lo-1 5 . 3 x 10-2 

2 . 3 x 10-2 
4 . o  x lo-2 

i . o  x 10-2 
2 . 0  x lo-2 

1 . 8  x lo-4 8 . 4  x lo-5 
1 . 0  x lo-4 2 . 1  x io-4 

2 . 8  x lo-3 i . 2  x lo-3 
8 . 1  x io-3 8 . o  x lo-3 

4 . 1  x io-3 
i . 2  x lo-2 

i .  1 x lo-3 
4 . 4  x io-3 

3 .7 x lo-3 
1 . 2  x 10-2 

1 . 6  x lo-3 
4 . 6  x io-3 

Distance downwind (km) 
2 

2 , 3 x lo-4 
6 . 2  x l0-4 

3 . 2 x l0-4 
8 . 6  x lo-4 

6 .1 x lo-4 
1 . 8  x lo-3 

4 . 9  x .io-1 
l . 4  

3 .9 x io-3 
i .1 x io-2 

2 . 5  x 10-1 
7 . J  x lo-1 

4 . 9  x io-3 
1 . 3 x io-2 

3 . 1  x lo-3 
6 . 0  x lo-3 

2.5 x lo-5 
1 . 0  x lo-5 

2 . 5  x lo-4 
6 . 6  x lo-4 

4 . 6  x lo-4 
9 . 5  x lo-4 

4 . 2  x io-4 
1 . 1  x io-3 

s 

4 . 2  x lo-5 
l . o  x lo-4 

6 . 5  x io-5 
1 . 5  x lo-4 

1 . 4  x lo-4 

3 . 3 x l0-4 

1 . 1  x 10-l 
2 . 6  x lo-1 

8 . 7  x io-4 
2 . 0  x lo-3 

5.7 x 10-2 
1 . 3 x lo-1 

8 . 1  x lo-4 
2 . 0  x lo-3 

6 . 7  x lo-4 
i . 2  x lo-3 

5 . 4  x lo-6 
1 .3 x lo-S 

2 . 2  x lo-5 
7 . 1  x 10-S 

3 . 6  x io-5 
1 . 1  x io-4 

5 . 9  x lo-s 
1 . 5  x lo-4 

a Site boundary (0.69 k m ) .  
b Means the probability is 0.95 that the dose w i l l  be less than that stated. 

10 

l . O  x 10-S 
2 . 4  x 10-S 

1 . 8  x lo-5 
4 . o  x lo-5 

4 . S  x l0-5 
9 . 1  x io-5 

3 .6 x io-2 
7 . 3 x lo-2 

2 . 1  x io-4 
5 . 8  x lo-4 

1 . 8  x io-2 
J . 8  x io-2 

1 . 6  x lo-4 
4 . 4  x lo-4 

2 . 0  x lo-4 

3 . 4  x io-4 

i.1 x lo-6 

3 .5 x lo-6 

l . 4  x lo-6 
6 . 6  x lo-6 

2 . 5  x lo-6 
i . 1  x lo-5 

6 . 5  x io-6 
2.1 x lo-5 

20 

1 . 8  x l0-6 
4 . 8  x io-6 

4 . 7  x io-6 
l . o  x lo-5 

1 . 4  x io- 5 
2 . 9  x l0-5 

i . 1  x 10- 2 
2 . 3 x io-2 

9 . 1  x lo-5 
i . 1  x io-4 

5.9 x io-3 
1 . 1  x 10- 2 

2 . 3 x lo-5 
6 . 9  x lo-5 

6 . o  x lo-5 
9 . 4  x lo-5 

5 . 4  x lo-7 
i . 1  x lo-6 

i . 8  x lo-8 
2 .s x lo-7 

6 . 2  x io-8 
5 . o  x lo-7 

6 . 7  x lo-7 
2.8 x io-6 

so 

5 . 6  x lo-8 
2 . 4  x io-7 

4 . 0  x 10-7 
i . 1 x lo-6 

3 . 1  x io-6 
5.9 x io-6 

2 . 4  x lo-3 
4 .  1 x lo-3 

1 . 6  x io-s 
3. 3 x lo-S 

i . 1  x io-3 
2 . 1  x lo-3 

2 . 9  x lo-7 
1 . 9  x lo-6 

8 . 7  x lo-6 
1 . 4  x 10-s 

8 . 4  x lo-8 
1 . 8  x lo-7 

2.0 x 10-12 
4 . 4  x 10- 10 

4 . 6  x 10-12 
818 x io-10 

1 . 5  x io- 9 
2 . 2  x lo-8 

13



Table 3-17 . Downwind concentrations (pCi/m3) of nuclides of importance based on the dry-season east wind meteorological summary. 

Distance downwind 
Nuclide Condition sea 1 2 5 10 20 50 

87Kr Median 1 . 3 x 107 5.0 x 1 06 l . 3 x 106 1 . 8  x 105 2.9  x 104 2.7 x 103 17 
95th percentileb 6.8  x 107 2.5  x 107 5.9  x 106 8 . 1  x 105 1 . 4  x 105 1 .  7 x 104 3.6 x 102 

88Kr Median 8 . 8  x 106 3 . 6  x 106 9 .7 x io5 1 .  1 x io5 3 .7 x io4 6 . 5  x 103 2 . 0  x io2 

95th percentile 4 . 9  x 107 1 . 9  x 107 4 . 4  x 206 6 . 8  x 205 1.4 x 105 2.8  x 104 1 . 4  x 103 

1311 Median 2 . 4  x 104 9 . 9  x io3 2.9  x 103 6 . l  x 202 1 .7 x 102 48 7 . 4  
95th percentile 1 . 4  x io5 5 . 4  x 104 1 .3 x 104 2 . 2  x 103 5.8 x 102 1 . 5  x 102 23 

1331 Median 5 .7 x 105 2 .  3 x 105 6 .7 x io4 1 . 4  x 104 3 .8 x 103 9.8  x i o2 1 .3 x io2 

95 th percentile 3 . 3 x 106 1. 3 x 106 3 . 1  x io5 5 . 1  x io4 1 .3 x 104 3. 2  x 103 4 . 4  x 102 

1341 Median 1 . 2  x 107 4 .7 x io6 1 . 2  x 106 1 . 4  x 105 1 . 6  x io4 9 .7 x 102 1 .3 
95 th percentile 6 . 5  x 107 2 . 3 x 107 5 . 4  x 106 6 .7 x io5 9 .7 x io4 8.6  x 103 86 

1351 Median 1 . 5  x 106 6 . 2  x 105 1. 7 x 105 3 . 4  x 104 8.6  x io3 2 . 0  x 103 1 . 5  x 102 
95th percentile 8 . 6  x 106 3 . 4  x 106 8.0 x 105 1 .3 x 105 3.0  x 105 6.8  x 103 6 . 8  x io2 

w l35xe Median 4 . 5  x 106 1.9 x 106 5 .3 x 105 l.O  x 105 2.8  x io4 6 . 6  x io3 6.0 x 102 
95th percentile 2.6  x io7 i . o  x io7 8 . 4  x io5 3. 9  x 105 9.6  x 104 2 . 2  x 104 2 . 5  x io3 ..... 

135mxe Median 3 . 3 x 107 1.1 x io7 1.9 x i o6 1.2  x io4 9 . 1  x 102 3 .1  2 . 1  x io-5 
95th percentile 1 . 6  x 108 5.6  x 107 i.o x io7 6 . 2  x io5 2 . 1  x 104 4 . o  x io2 4 . 4  

138xe Median 9.0 x 107 3. l  x 107 5 .3 x 106 2 . 2  x 105 3 . 6  x 103 16 9.o  x io-5 

95th percentile 4 . 3 x 108 1 . 5  x 108 2 . 9  x 107 1 . 9  x 106 7 .3 x 104 l . 6  x 103 2 . 0  x 10-1 

138cs Median 8 .8 x io7 3 . 4  x io7 7 .3 x 106 6 . 3 x 1 05 4 . 1  x 1 04 9 . 5  x 102 7 . 8  x io-2 

95 th percentile 4 . 5  x 108 l. 7 x 108 3 . 5  x 107 3 . 6  x 106 3 . 5  x 105 1.8 x 104 35 

a Site boundary (0.69 km). 
b Means the probability is 0.95 that the concentration will be less than that stated. 

a,'

(km)

3.1
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Table 3-18. Estimated downwino doses (rem) from nuclides of importance, based on the dry-season east wind meteorological summary. 

Distance downwind (km) 
Nuclide Pathway Condition sea l 2 5 10 20 so 

87Kr Subn.ersion Median 2 . 0  x io-3 7 . 9  x lo-4 2 . 0  x lo-4 2 . s  x io-s 4 . 5  x lo-6 4 . 2  x lo-7 2 . 6  x lo-: 
95th percentileb i . 1  x io-2 3 . 9  x io-3 9 . 3 x lo-4 L 3  x 10-4 2 . 2  x lo-5 2 . 1  x lo-6 5 . 6  x 10-

88 Kr Submersion Median 2 . 6  x 10-3 i . 1  x lo-3 2 . 9  x lo-4 5 . o  x lo-5 Ll x lo-s 1 . 9  x lo-6 6 . 1  x lo-8 

95th percentile 1 . 5  x io-2 5 . 8  x io-3 1 .  3 x io-3 2 . 1  x io-4 4 . 3 x io-5 8 . 3 x io-6 4 .3 x io-7 

131 1  Inhalation Median 5 . o x 10-3 2 . 0  x io-3 s . 9  x io-4 i . 2  x lo-4 3 . 5  x lo-5 9 . 8  x 10-6 l .  5 x lo-6 

9 5th percentile 2 . 9  x lo-2 i . 1  x 10-2 2 . 1  x io-3 4 . 6  x lo-4 l .  2 x lo-4 
3 . o x io-5 4 . 7  x io-6 

Forage-cow- Median 3. 9  1 . 6 4. 7 x 10-1 9. 8 x io-2 2 . 0  x 10-2 1 . 0  x io-3 i . 2  x io-3 
milk 95th percentile 2 3 8 . 8  2 . 2  3.6  x 10-1 9. 3 x 1 0 -2 2 . 4 x 10-2 3, 7  x 10-3 

1 331 Inhalation Median 3 . 1  x 10-2 i . 3  x 10-2 3 . 7  x lo-3 7 . 5  x 10-4 2 . 1  x lo-4 5 . 4 x lo-5 1 . 0  x lo-6 
95th percentile Ls x 10-1 1 . 0  x lo- 2 l .  1 x lo-2 2 . 8  x lo-3 1 . 0  x lo-4 i . 1  x lo-4 2 . 4  x io-5 

Forage-cow- Median 2 . 1  8 . 4  x 10-1 2 . 4  x 10-1 4 . 9  x lo-2 L 4 x io-2 3 . 5  x lo-3 4 . 6  x io-4 
milk 95th percentile 12 4 . 6  1 . 1  L 8  x io-1 4 . 6  x l o -2 i.1 x lo-2 1 . 6  x lo-3 

w 1 341 Inhalation �1edian 4 . J  x 10-2 L 6  x io-2 4.o  x lo-3 4 . 9  x lo-4 5 . 7  x lo-5 3.4  x lo-6 
4 . 6  x lo-9 

2 . 3 x io -1 0 . 1  x l o -2 1 .  9 x io-2 2. 3 x lo-3 3 . 4  x lo-4 3 . 0  x lo-5 3.o x lo-7 95th percentile .., 

1 35I Inhalation Median 2 . s  x 10-1 L O  x 10-2 2 . 9  x lo-3 5 . 7  x io-4 L 4 x lo-4 
3 , 4  x lo-5 2 . 6  x io-6 

95th percentile l . 4  x 10-2 5. 7 x lo-2 1. 3 x io-2 2 . 2  x lo-3 5.o x io-4 i . 1  x lo-4 i . 1  x lo-5 

1 35xe Submersion Median 2 . 0  x l o -3 8 . 4  x lo-5 2 . 4  x 10-S 4 . 6  x lo-6 i . 2  x io-6 3 . 0  x lo-7 2 . 1  x lo-8 
9 Sth percentile 1. 2 x 1 0 -3 4 . 6  x lo-4 3. 8  x lo-5 i . 0  x lo-5 4 . 3 x lo-6 L O  x lo-6 i . 1  x lo-7 

1 35mxe Submersion Median 2 . 6  x lo-3 8 . 6  x lo-4 L S  x lo-4 S . 6  x lo-6 1 . 1  x io-8 2 . 4  x lo-l o  i. 1 x io-1s 
9Sth percentile l . 2 x 10-2 4 . 4  x io-3 8 . 1  x io-4 

4 . 9  x io-5 l . 6  x lo-6 3 . 1  x lo-8 3 . 4  x 10-1 2  

l 38xe Submersion Median 3 . 9  x lo-3 i .  3 x lo-3 2. 3 x lo-4 9 . 5  x io-6 l . S  x lo-7 1 . 1  x 1 0 -10 3. 9  x lo-15 
9 5th percentile 1 . 8  x 10-2 6 . 6  x io-3 1 .  2 x lo-3 8 . 1  x 10-5 3 . 2  x lo-6 6 . 9  x lo-8 8.8 x lo-1 2  

l 38cs Submersion Median 3. 8  x 10-3 i . s  x lo-3 3, 1  x lo-4 2 .  7 x 10-5 L8 x lo-6 4 . 1  x lo-8 3.4  x 10-1 2  
95th percentile 1 . 9  x l o -2 7 . 3 x lo-3 1 . 5  x io-3 1 . 6  x 10-4 1 . 5  x lo-5 1 . 9  x io-7 i .  s x io-9 

a Site boundary (0.69 km). 
b Means the probability is 0 . 9 5  that the dose will be less than that stated. 

,;,



and deposit on the ground. The concentrations given have not accounted for reduction due to upwind 

deposition and are therefore conservative values. Doses from dry deposition of these nuclides are 

considered to be negligible due to the short half-lives of the nuclides and to the smaller dose 

conve rsion constants for surface depos ition compared to inhalation and submersion. 

It should be noted that the Livermore Valley is not a milk-producing area, and very few milk cows 

exist within a few kilometers of the site. At any rate, protective measures (replacing milk) could be 

taken in the event of an accident. Pasture meat doses were not considered because of short half-lives. 

Table 3-19 gives doses at the LLNL west site boundary. The importance of eliminating the 

forage-cow-milk pathway dose by milk replacement is obvious. (A� present, no milk cows are pastured 

near the west perimeter . )  The maximum doses of 0 . 0 8  rem whole body (submersion) and 0.58 rem thyroid 

(inhalation) are well below power-reactor siting criteria of 25 rem for a maximum whole body dose and 

300 rem for a thyroid dose in an accident (Code of Federal Regulations, Title 10, Chapter 100) . Also, 

these maximUlll doses are below those recommended by the Environmental Protection Agency for considering 

. 3-9 
protective action of populations at risk. 

Table 3-20 gives the population dose over the 1 , 2 0 9 , 0 0 0  people in the sector west of the site 

(see Fig. 2-10) . The numbers are conservative since the calculation assumed that every person stood 

on the centerline of the cloud during its passage. The forage-cow-milk pathway is not considered to 

add to population exposure west of the site since the milk supply is almost entirely produced 

elsewhere. Even the maximWll estimates are less than lt of the man-rem dose of approximately 124,000 

from natural background . 

3 . 9 . 2 . 2 . 2. Effect of Rainfall on Doses. The radioiodines and 
138

cs atoms attach themselves to 

particulates in the atmosphere and are subject to washout during rainfall. The effect of such washout 

has been evaluated for the wet season (November-April) . The following assumptions have been made : 

• A rain rate of 3 mm/h. 

• A deposition velocity of 1 cm/s. 

• Stability category •o• during rainfall. 

Rainfall will decrease the air concentrations (submersion and inhalation doses) of 

particulate-bound nuclides1 there will then be a corresponding increase in the surface deposition. 

The following conclusions were reached: 

• The rainfall-induced external gamma doses , integrated to infinite time, ace less than the 

inhalation doses at all distances to 50 km for all radioiodines. This result is primarily due 

to the lower dose conversion constants for external gamma. 
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Table 3-19. Doses (rem) at the west site boundary, estimated for three meteorological 
summar ies of east winds. 

Annual 
Pathway Median 95th Median 95th Median 95th 

percentilea percentile percentile 

Submersion 0.015 0 . 048 0 . 0 1 5  0 . 048 0 .015 0.076 

Inhalation 0.098 0 .36 0.099 o . 31 0 . 10 0 . 5 8  

Por age-cow-milk 5 . 5  2 1 . 0  5 . 4  2 0 . 0  6 . 0  3 5 . 0  

a Means the probability is 0 . 9 5  that the actual meteorology will provide better 
diffusion and higher winds than those used here. 

Table 3-20. Population doses (man-rem) in the sector west of the Laboratory, 
for three meteorological sullllllaries of east winds. Population base is 
1 , 209,000 people. 

Pathway 

Submersion 

Inhalation 

Annual 
Median 95th 

percentilea 

4 9 

53 110 

Median 95th 
percentile 

4 19 

58 130 

season 
Median 95th 

percentile 

2 11 

37 150 

a Means the probability is 0 .95 that the actual meteorology will provide 
better diffusion so that the doses will be less than shown . 
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• The forage-cow-milk pathway doses for 1311 and 1331 are increased by precipitation-

• 

scavenging by factors which increase with distance downwind. The maximum enhancement factor 

is about .l at the site boundary and about 6 at SO km. 

138 138 Xe decays to Cs; the latter becomes attached to particulates and is available for 

scavenging. For the 9Sth-percentile meteorology, the dose enhancement of 
138

cs from 

rainfall is less than a factor of 2 as far out as SO km. 

• Submersion doses are enhanced by attachment of 138es particles to fog droplets; the 

enhancement factor for the St probability level is about l near the site boundary, increasing 

to about 2 at SO km downwind. Radioiodine inhalation doses increased by a factor of 2. 
l h h 3-16 A t oug the droplets, which typically have diameters of 8 to 20 um, are too large to 

be readily inhaled , They are absorbed in the GI tract after being swallowed.
3-17 

3.9.2.3.  Maximum Credible The maximum credible spill at Livermore is postulated to involve 

the accidental release of transuranic elements, since large quantities of these materials are handled 

in Buildings 251 and 332 at LLNL. 

For purposes of analyzing this spill, it is assumed that lS g of 
244

cm, as curium oxide, are 

dispersed throughout a work room in Building 251 (possibly the result of a fire and/or explos ion) . 

Fifteen graJ11s ,  or 12SO Ci, is the largest amount of alpha activity ever expected to be in a single 

room. Even then, it is within a single glove box for a very short time, until it can be divided into 

smaller amounts and distributed to other locations within the facility. Again, it is extremely 

unlikely that this much activity could be involved in a spill. The worst past spills in Building 251 

have involved curie amounts approximately 1000 times smaller than this. Present building procedures 

limit operations to 30 Ci of material at one time, except for rare instances where greater quantities 

are necessary. Although more transuranic material is usually present in Building 332, resulting in a 

greater potential hazard, the containment features of this building are superior to those of Building 

251. As noted in Section 2.1.6.4,  Buildinq 251 is being upgraded. 

244 The amount of cm spilled on the floor of the room that becomes airborne and a respiratory 

hazard will depend primarily on particle size. The material used in Building 251 is a powdered oxide 

of curium. No direct measurements concerning what fraction of this material would become airborne 

have been made� however, the oxide is nominally 400-mesh and it has been estimated that not more than 

10\ of the particles have a median diameter less than 2 µm. For purposes of this analysis it is 

assumed that 1 . 5  grams of the oxide is in the particle-size range of 0 . 5  µm to 2 um and therefore 

respirable. With respect to the fraction that becomes airborne Kishi.ma and Schwendiman3-18 
conclude 

that for plutonium oxide O.OSt is a satisfactory, safe value for estimating the fraction of material 
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Xs decays tc Cs; the lattec becomes attached to pacticulates and is available fcc

A t cup the dcoplets, which typically haw, diamataca of 0 to 2Q Qm, ac• too large to

3.9.2.3. Naximum Credibla Spill. The maximum ccedible spill at Limermoce is postulated to involvs



that becomes airborne and consequently a respiratory hazard. We believe that this �ercentage of 

airborne material represents a conservative estimate for a Building 251 spill also. Correcting for 

airborne and respirable fractions, we get a total quantity of respirable airborne 
244

em of 0. 0008 g ,  

which is 61 mCi. 

The present building filters are of a type that retain 95\ (that is, they pass 5%) of the 

particulates when tested by the National Bureau of Standards stain test. This is equivalent to a 

retention of 60-65' by the dioctalphthalate COOP) teat. This means that the filters currently 

installed in Building 251 will pass at the most, 40' of the airborne curium oxide in the spill room to 

the outside atmosphere. 

Thus, for a 10-min release period: 

( 6 . 1  x 10-2 Ci) ( 0 . 4 )  (106 µCi/Ci) • ·41 µCi/a 

(10 min)60 a/min 

released to the outside atmosphere. At the west site boundary, we apply the diffusion value that is 

exceeded only 5' of the time, X/Q • 1 . 3  x 10
-3 

s/m
3

• The concentration of curium at the LI.NL 

-2 3 site boundary is then 5 . 2  x 10 µCi/m during the 10-min release. We next calculate the amount 

of insoluble curium permanently lodged in the pulmonary region of a person breathing this fence-line 

cloud and determine the resulting radiation dose. Values found in the International Commission on 

Radiological Protection ' s  ( ICRP) Publication 19, The Metabolism of of Plutonium and Other 

Actinides (May 1972), are used for the calculation: 

4 3 Breathing rate • 2 x 10 C1ll /min, 

Fraction retained long-term • 0.15, 

Mass of pulmonary region • 600 g ,  

Effective energy per disintegration = 6 0  MeV, 

Half residence time in pulmonary region • 500 days. 

The total integrated dose to the pulmonary region from breathing the fence-line cloud during its 

passage is 5 . 6  rem. However, the maximum pulmonary dose to the nearest resident is 2 . 9  rem. For 

specific organ doses, the range of 1 to 5 rem (whole body) suggested by the EPA for considering 

protective action can be increased to 3 to 15 rem by applying the guidance of DOE 0524. Since this 

guidance specifies that allowable doses to specific organs are three times higher than those for the 

whole body, evacuation is not considered necessary. Off-site dose consequences would be considerably 

reduced by the current requirement.which limits the activity removed from storage to 30 Ci. 

Performing a similar analysis foe Building 332 involving 4 kg of plutonium would result in a 

total integrated dose of 4 mrem to the lung. Therefore, the worse credible spill would involve 

244
cm in Building 251. 
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3 . 9 . 2 . 4 .  Review of the potential for an explosion at the DOE Livermore site shows that 

3 
the most serious one would result from heat-induced rupture and explosion of the 114-m propane 

tanks at the LLNL Propane Storage Facility near Building 622. These explosions would result in 

structural damage both on and off site. Bowever, because the tanks are equipped with 

temperature-activated water deluge systems, such explosions are not considered a credible accident. 

Other explosions would cause on-site building da•age but would not result in significant off-site 

effects. Radioactive releases as a consequence of an explosion are considered to be no greater than 

those of radioactive accidents already postulated . 

3 . 9 . 2 . 5 .  Fires. A large building fire having severe environmental consequences, such as destroying 

the containment features in facilities containing radioactivity, is not likely because of automatic 

fire protection (sprinklers) and/or fire-resistant building construction . Even if fires did involve 

areas containing radioactivity, radioactivity releases would not be expected to exceed those already 

postulated. 

Fires are most likely to occur in wooden buildings used as offices, which were built by the 

Navy. The major off-site consideration of such a fire would be a smoke cloud and the possibility of 

sparks and burning brands. 

The probability of a fire occurring and the consequences of a fire should it occur are mitigated 

by a full-time Fire Deparl:Jlle�t based at LLNL in Building 324. 

3 . 9 . 2. 6 .  Release o f  Chlorine. Most of the toxic materials used a t  Livermore are used i n  such small 

quantities that t.heir accidental release would prove hazardous only to people close to the release, 

e . g . ,  in the same work room or building. 

The largest container of toxic material in use at Livermore is a standard cylinder containing 

68 kg of chlorine used to chlorinate the LLNL swi1111ing pool .  Figure 3-16 shows the downwind 

concentrations that would probably not be exceeded (with 95t probability) if a full chlorine cylinder 

ruptured and all the gas leaked out during a 20-•in interval (20 •inutes is an estimate of the time to 

empty a cylinder through a moderate crac k ) .  

Note that 1 ppm i s  the rec01111ended 11axi•1111 concentration for continuous occupational 

3-19 
exposure and 300 Pl9 is the approxi11ate concentration at which severe acute health effects will 

3-20 
occu r .  Thus, people will probably smell the chlorine up to 2 km away, but only people in the 

building with the cylinder will be injured. 
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Distance downwind - km 

Figure 3-16. Chlorine-concentration isopleth resulting from a 60-g/s release; 95% 

o f  the time , concentrations will be less than shown . 
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3 . 9 . 2 . 7. of Radioactive M�terials. Most of the radioactive shipments entering and 

leaving LLNL or SNLL are handled by common or contract carriers. Shipping and packaging procedures 

are set for these carriers by the Department of Transportation (DOT) and will not be considered here. 

Radioactive materials that are transported by DOE contractors are handled in two ways. If 

transportation is intrasite, radioactive materials ace double-contained (two contamination barriers) . 

DOT regulations ace followed if radioactive materials are moved off-site, including transfer of 

materials from the Livermore site to Site 300. Table 3-21, covering inbound and outbound shipments of 

nuclear and other radionuclide shipments at LLNL, shows that the majority of shipments are made bY 

air. An analysis of outbound shipments of radionuclides indicates that materials most frequently 

shipped are multi-curie 
192

1r sources. These shipments are made either to source-production 

192 
facilities ( Ir has a 74-day half-life) or to the Nevada Test Site where the sources ace used in 

radiography. 60 
With the exception of Co sources, which are also in the multi-curie range, the 

remaining shipments cover a wide range of radionuclides, usually at µCi levels. 

In section 3 . 3 . 3 . S  it was noted that DOE operates a flight service between the LiveC11Joce Airport 

and test sites in Nevada . In the past, occasional air shipments of plutonium have been made between 

Livermore and Nevada, and between DOE's Rocky Flats plant in Colorado and Livermore. Justificat ion 

for these shipments was based on programmatic need. 

Pllblic Law 94-187, effective December 31, 1975, prohibited air transportation of plutonium by DOE 

or its contractors (except for purposes of national security, public health and safety, or emergency 

maintenance operations) until such time as • • • •  a sate container (package) has been developed and 

tested which will not rupture under crash- and blast-testing equivalent to the crash and explos ion of 

a high-flying aircraft . •  

A container developed for the Nuclear Regulatory Commission and DOE has now been approved for use 

in shipping plutoniwn by air. Following evaluation by the Aeronautics and Space Engineering Board of 

the National Research Counci l ,  the Council issued a certificate of compliance No. 0361, dated 

September S, 1978. This certificate has an expiration date of September 30, 1983. At present, the 

Livermore site has no plans for routinely shipping plutonium by air. 

There has been only one special air shipment of plutonium froni Livermore to date. Several small 

plutonium sources totaling less than 40 µCi were shipped by air to E119land for calibration of 

medical equipment. Approval for this shipment was obtained from DOE Headquarters. 

Air flights involving plutonium are now further restricted in accordance with a revision of 10 

CPR Part 871, which limits air shipments of plutonium for national security purposes. More specific 

circumstances are established which would qualify an air shipment to be made for national security 

reasons and specify that such shipments must be approved by designated managers of DOE Operation 

Offices. Revised Parts 871.1, 8 7 1 . 3 ,  and 871. 4 would read as follows : 
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Table 3-21. Number of shipments of nuclear materials and other radionuclides to and 
from LLNL , by mode of transportation.a 

. b 
Nuclear materials 

Inbound 

Outbound 

Total 

other 
radionuclides 

Inbound 

Outbound 

'lotal 

commercial 

air 

415 

2n 

647 

450 

201 

651 

DOE contract 
air 

298 

....§1. 
360 

2 

1 
4 

LLNL Commercial DOE 
plane truck truck 

46 121 126 

ll 8 5  lil 
135 206 472 

106 1 29 4 5  

_a _g 179 

157 190 224 

TOtal 

1006 

814 

1820 

732 

ill 
1226 

a Covers a period Crom January 1976 through August 1979. 
b Nuclear materials include normal uranium, depleted uranium, 233u ,  235u, 238pu, 239Pu, 

242pu, 241Am, 243Am, 246cm , 252ek , 6Li, 28, 38, 232Th and237Np. 
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(A) The following DOE air shipments of plutonium are considered aa beinq made for the purposes 

of national security within the meaninq of Section 502(2) of PUblic L&w 94-187: 

(1) Shipments made in support of the developnient, production teatinq, aamplinq, maintenance, 

repair modification or retirement of atomic weapons or devices: 

( 2 )  Shipments made pursuant to international agreements for cooperation for mutual defense 

purposes; 

(3) Shipments necessary to respond to an emergency situation involvinq a possible threat to 

the national security. 

(B) The managers of DOE's Albuquerque, San Francisco, Oak Ridge, Savannah River, and Nevada 

Operations Offices may authorize air shipments within Subsection (A) (l) , on a case by case 

basis, provided that matter falls within their respective scope of responsibility and that 

they determine that such shipment is required by air either because: 

( 1 )  The delay resulting from using ground transportation methods would have serious adverse 

impact upon a national security requirement 

( 2 )  Safeguards or safety considerations dictate the use o f  air transportation: 

( 3 )  The nature o f  the item to be shipped necessitates the use o f  a i r  transportation i n  order 

to avoid possible da..age which may be expected froai other available transportation 

environments: or 

< • l  The nature of the items being shipped necessitates rapid shipment by air in order to 

preserve the chemical, physical, or isotopic properties of the item . �  

3 . 9 . 2 . 7 . l .  Accidents . Packages used to transport materials in support of LLNL 

operations are designed to prevent the loss or dispersal of their contents under both hypothetical 

accident and normal transport cond itions. These packages include shipments of enriched, depleted, and 

natural uranium, plutonium, americium, tritium, and other radionuclidea. Although most of the 

shipments shown in Table 3-21 involve µCi quantities of radioactivity, some involve larger 

quantities. Table 3-22 swmaarizes these larger-quantity shipments. The data are from 1977 but 

quantities are not markedly different at present. In order to estimate conservatively the risks of 

transportation accidents, all transuranics (TRU) were assumed to be 239Pu. Since almost all large-

. 238 238 
quantity uranil.D shipments are u, all isotopes of uranium are combined and expressed as u. 

Under certain abnormal conditions, releases of radionuclide& to the environment could occur. The 

NRC provides guidance on various accident severity categories, their probability of occurrence, and 

the means to assess these accidents through the RA.CTR.AN computer code developed by Sandia 

3-21 
Corporation. The resulting radiation doses will be overestimated because it is assumed that all 

3-71 

13)

Transportation

3-71



Table 3-22. Avera9e lar9e-quantity shipments of radioactive materials to and from LLNL, 1977. 

Outbound Inbound 

Curies per Miles per N..imber of Curies per Miles per Number of 
Material shipi1ent shipment shipaents shipi1ent shipment shipments 

u 0.47 1760 129 0.023 810 264 

TRU 120 1350 75 92 1530 89 

3K 1400 1660 11 850 2500 9 

l92ir 57 1050 14 84 2010 20 
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the shipments were transported by truck, through suburban areas. In reality, over half the shipments 

were sent by air transport, which has a lower accident probability. The shipments sent by truck are 

driven through rural areas, which have lower population density, and therefore less population at 

risk. Maximum doses for each of the four types of large-quantity shipment are listed in Tables 3-23 

and 3-24, by three of eight accident severity categories. Accident severity categories run from the 

most probable accident which is least likely to release radioactive material (category III) to a very 

severe, highly improbable accident (category VIII) which would release 111aterial from most types of 

containers. The table is limited to three categories to prevent overlap of somewhat redundant 

information but yet provides the range of possible maximum doses from various accidents. Category III 

was chosen because Categories I and I I  are assumed to release no material. category VI was chosen as 

an intermediate category and Category VIII was chosen to give maximum possible doses. (Categories 

I-IV include 99.6• of all possible accidents in an overall accident rate of 1 . 06 x 10�6 accidents 

pee km under normal ciccumstances. 3-22) Maximum individual doses in category VIII ai:e probably 

overestimated by RADTRAN because it assumes (for meteorological dispersion) a line source extending to 

10 m above the surface. However, a true category VIII accident
3-22 includes a sustained fire (in 

addition to a high crush force) which would cause the effluent plume to ciae considerably, thua 

ensuring signif icant dilution before the maximum dose to an individual is given. 

Included in Tables 3-23 and 3-24 is an annual radiological risk value. Thia takes into account 

the total expected population dose from each accident and multiplies that value by the probability of 

that accident occurring to give an annual expected man-rem value from accidental releases caused by 

transportation accidents. 

As illustrated by the data, maximum doses from the accidents in category III for ineo11ing and 

outgoing shipments lead to small maximum individual and population doses. Much larger doses are 

encountered in Category VI and VIII accidents . When multiplied by the risk probabilities, however ,  

Category VIII risks ace less than Category VI risks. 

The annual radiological risk (man-rem) in Tables 3-23 and 3-24 ia much lesa than the population 

doses (man-rem) that might occur due to a maximum credible accident (Table 3-9), or the annual 

population dose to the sector west of the Livermore site (Table 3-20) . The highest annual 

radiological risk of 0. 027 man-rem is a small proportion of the approxi111ately 124,000 man-rem due to 

natural radiation. 

3 . 9 . 3 .  

The consequences of almost all emergencies are altered by emergency response action. Health and 

Safety Technicians, safety professionals , a full-time Fice Department, a Medical Departl11ent, and/or a 
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Table 3-23. Radiological consequences from potential accidents involving transportation 
of radioactive materials--inbound . 

Accident category 0 TRU 192Ir 

III 

Max. individual dose (rem) 2 . 1  x l o-4 2.8 0.001 0.004 

Critical organ Lung Bone Whole body Whole body 

Population dose (man-rem) 0.02 1 . 3  0.001 0.007 

Annual radiological risk (man-rem) 1 . 6  x lo-5 0.028 1 . 5  x lo-6 3 . 1  x l o-6 

VI 

Max. individual dose (rem) 0.021 279 0 . 1  3 . 5  

Cri tical organ Lung Bone Whole body whole body 

Population dose (man-rem) 0.16 430 0.14 0 . 7  

Annual radiological risk (man-rem) 1 . 3  x 10-5 0.022 1. 2 x lo-6 1 x lo-s 

Ca v I II 

Max. individual dose (re.ml 0.021 229 0 . 1  3 . 5  

Critical organ Lung Bone Whole body Whole body 

Population dose (man-rem) 0.16 430 0.14 0.68 

Annual raaiological risk (man-rem) 4 . 3  x lo-8 l x lo-4 4 . 1  x lo-9 3 . 5  x i o-8 
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Table 3-24. Radiological consequences from potential accidents involving transportation 
of radioactive materials--outbouncl. 

Accident category 0 

I I I  

Max. individual dose (re•) 0.004 

Critical organ Lung 

Population dose (man-rem) 0.033 

Annual radiological risk (man-rem) 

VI 

Max. individual dose (rem) 0 . 4  

Critical organ Lung 

Population dose (man-rem) 3 . 2  

Annual radiological risk (man-rem) 

VIII 

Max. individual dose 1rem) 0 . 4  

Critical organ Lung 

Population dose (man-rem) 3 . 2  

Annual radiological risk 1man-rem) 
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TRO 

3 . 6  0.002 

Bone Whole body 

5 . 6  0.002 

0.027 

360 0 . 017 

Bone whole Body 

56 0.23 

0.002 

360 0.017 

Bone whole body 

56 0.23 

7.3 x lo-6 5 . 3  x lo-9 

192rr 

0 . 0 0 2  

Whole body 

0 . 0 0 5  

2 . 4  

Whole body 

0 . 4 6  

2 . 5  x lo-6 

2 . 4  

Whole body 

0 . 4 6  

a . 1  x lo-9 

ca teqory

Category 

Category

4 x 10-4 2 x 10-6 3.2 x 10-6

3 x 10-4 1.6 x 10-6

9.3 x 10-7



Disaster Control Organization are prepared to respond at any time to mitigate the consequences of any 

accident at the Laboratories. The LLNL Disaster Control Plan, Appendix 38, summarizes the response to 

any accident, shows how the Disaster Control Organization is composed and how it is mobilized, and 

outlines some of the emergency equipment used to cope with and alter the course of an accident .  SNLL 

has a similar emergency plan with sections covering organization and control, warning signals, 

national emergencies, local emergencies, nuclear weapons or materials incidents/accidents, shutdown 

and restoration of operations, evacuation, shelter, and defense. 

Limiting the emergency preparedness discussion to on-site procedures does not imply that DOE 

plans are not coordinated with those of local or state agencies for incidents having the potential for 

off-site consequences. None of the credible accidents described in section 3 . 9 . 2  is considered to 

require off-site action other than notification and monitoring. DOE assesses potential incidents at 

the Livermore site that might affect the public and coodinates its planning with appropriate agencies 

having the authority for the protection of public health and safety. Onder the DOE Radiological 

Assistance Plan, DOE makes available its resources, such as personnel ,  equipment, facilities, data 

acquisition network, etc . ,  to such state and local authorities. DOE is in agreement with the State 

Health Oepar tlllent, Radiologic Health Section, relative to the notification and response procedures 

concerning radiological incidents occurring in California. Accordingly, in the event of a 

radiological incident that may a�fect the off-site public, DOE will notify the State Radiolog.ic Health 

Section via the State Office of Emergency Services' 24-hour telephone station in Sacramento. OOE will 

coordinate the deployment of its resources at the incident scene in support to the local agency in 

charge. OOE's radiological assistance does not in any way abridge state or local authority, but works 

in cooperation with state/local officials in radiological emergency operations. 

LLNL has mutual aid agreements with the cities of Livermore and Pleasanton, and with Alameda 

County. A mutual aid agreement also exists between the Livermore Site and Valley Memorial Hospital. 

Laboratory emergency forces are prepared to notify local and county officials if an emergency requires 

off-site actions. The LLNL emergency dispatch center has a nW11ber of communication modes connecting 

it with local emergency centers. These include the Radio Mutual Aid Frequency with Livermore and 

Pleasanton fire departlllents and Alameda County emergency control center and the microwave telephone 

which connects LLNL with all other emergency dispatch centers in the area. 

J.10. SAFEGUARDS AND SECURITY 

The objectives ol the Department of Energy ' s  integrated Safeguards and Security plan are to: 

1. Prevent successful malevolent acts involving nuclear materials or facilities, so as to protect 

the public against risk of death, injury, and property damage that could arise from such acts: 
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2. Protect classified information frOM unauthorized disclosures; and 

J .  Protect government property from theft or malevolence. 

In order to carry out these objectives, DOE has developed a capability to characterize and assess 

current threats with the purpose of obtaining an in-depth understanding of the attributes of potential 

adversaries, and to apply that understanding to identifying the spectrum of adversaries to be 

addressed. Various forms of potential actions against nuclear facilities are then evaluated for 

attractiveness to these potential adversaries. The knowledge gained is directed to (l) developing 

conceptual approaches which optimize the mix of safeguards and security features into cost-effective 

safeguards systems, and (2) adapting techniques for modeling and evaluating the effectiveness of these 

potential systems at selected facilities, The data derived is then used to focus development, test, 

and evaluation of safeguards equipment and modular systems to meet identified safeguards and security 

requirements. The developed technology is evaluated in the laboratory and in prototypic operating 

environments to ensure proper performance prior to installation in an operating facility. As further 

assurance of adequate protection, the DOE also maintains a strong independent assessment capability to 

inspect and evaluate safeguards and security systems to assure that they are meeting current 

requirements and to determine if existing requirements are adequate under current threat conditions. 

The objectives of the safeguards and security system at the Livermore site are (1) to assure that 

government-owned source and nuclear materials are not diverted to unauthorized uses, and (2) to 

protect DOE facilities against malevolent acts consistent with environmental, health, and safety 

standards, These objectives are accomplished within an integrated safeguards and �ecucity system 

which includes the elements of physical security, material control, and materiai accountability. 

In their systems role, physical protection procedures and measures provide for immediate 

detection of special nuclear material misappropriation along with a redundant capability for such 

immediate detection in the material control procedures. Accountability systems provide primarily for 

a final evidence that the other two systems have achieved their purpose and, in the event they have 

not, the accountability systems provide data to facilitate tracking events and isolating the location 

where the other systems failed. 

Physical protection follows the guidelines in DOE Interim Management Directive (IMD) 6102, 

Protection of Classified Matter and Information. Thia IMO provides guidance for areas such 

as access control, detection of intrusion, protective personnel, and protection of classified �atter 

in use, in storage, and in transit. 

The access controls at Livermore include personnel identification and physical barriers. The 

physical barriers consist of cyclone fencing topped with barbed wire. Security guards are at each 

entrance and at the accesses to restricted areas. Personnel identification is by photo-identification 
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badge which each employee must present to a guard for verification on entering or exiting from any 

area. Authorized escorts are required wben a visi tor requests access to a security area. Tbe 

security personnel also reserve the right to exaaine packages and briefcases upon entrance or exit to 

ensure that prohibited materials are not brougbt into controlled areas nor classified matter removed. 

Patrols are made on off-working hours to provide security at all times. 

tntrus ion-detection equipment is used to increase efficiency, reduce guard-force costs, and to 

complement the other physical barriers. Protective-personnel requirements listed in detail in the DOE 

IMO 6102 are size and ability to use firearms, tear gas, co111111unications systems , and other protective 

equipment. Classified material is maintained in security areas while in use: in security containers 

while in storage7 or under protective services while in transit. Unauthorized entry to any area of 

LLNL or SNLL is forbidden, and warning signs are posted to alert the public of the consequences 

thereof. 

Material control and accounting include process design, material control accounting, measurement 

of physical inventories, auditing, and statistical programs designed to provide an accurate knowledge 

of the quantities, location, and disposition of material. Material control begins with the receiving, 

on-site transportation, and shipment of special nuclear material. It includes operations of vaults 

for the storage of material and the physical inventories of such vaults. Special nuclear material 

must also be under observation when in use, in open storage , or in its container, by at least two 

cleared and authorized persons who may be doing other work but who can give an alarm in time to 

prevent unauthorized removal. Annual inventor ies are conducted in those areas outside the vaults 

where materials are being processed. Accountability systems are composed of those systems which 

involve bookkeeping data on the location of special nuclear material inventories, and those procedures 

used to verify, through measurements, the physical inventory of special nuclear material as compared 

with bookkeeping records. 
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4 .  UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS 

Environmental impacts described in Section 3 which are unavoidable consequences of on-qoing 

operations at DOE Livermore laboratories are: 

• Land use. 

• Utilization of natural resources and energy. 

• Laboratory-qenerated traffic on East Avenue . 

• Impact of operational releases of radioactive and nonradioactive effluents. 

• Radiation doses to the public. 

4 . l .  LAND USE 

Land use discussed in Section 3 . 2  involves the commitment of approximately 30 km
2 

(including 

Site 300) to government use. Such a commitment curtails for an indefinite period diversity and range 

of potential uses of the property. As noted , the present use of the land at Livermore was not the 

initial commitment to government use; when the Atomic Energy C0111111ission took over the property it was 

an •abandoned airfield• held by the Department of Defense. Since LLNL began operations in 1952, site 

improvements in buildings and landscaping have converted much of the area to a campus environment. 

SNLL has made similar improvements since 1956. Accordingly, if diversion from its pre-World War I I  

use as an agricultural area is to be considered adverse, DOE ' s  Livermore site improvements are 

balancing mitigating factors which should be considered beneficial. New construction is anticipated 

to have only minimal environmental effects. These will be similar to other recent programs which have 

had no major environmental effect (see section 2 . 1 . 7. 2 ) .  

4 . 2 .  NATURAL RESOURCES AND ENERGY 

4 . 2 . l .  Water 

During 1979, LLNL and SNLL used 9 . 6  x 10 5 m
3 of domestic water, essentially unchanged from 

the 9 . 5  x 10 5 m
3 

used in 1978, and only slightly higher than the 8 . 5  x 1 0
5 

m
3 

used in 1977 

during the California drought. As described in section 2 ,  this supply comes from the Betch Betchy 

line serving San Francisco. The above quantity is about 0.25• of that used by San Francisco during 

the same period. 
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4 . 2 . 2. Electrical Power 

During 1979, LLNL and SNLL consumed 870 TJ of electricity, up from the 830 TJ used in 1978, 

Increased usage o! electric power is due to additional staff and the requirements of the resulting 

programmatic effort. 

4 . 2 . 3 .  Natural Gas 

During 1979, LLNL and SNLL consumed 1 . 5  x 107 m
3 

of natural gas. The consumption was 

unchanged from the quantity used in 1978. 

4 . 3 .  LABORATORY-GENERATED TRAFFIC ON EAST AVENUE 

Although vehicular traffic may enter LLNL from either vasco Road on the west or Greenville Road 

on the east, the greatest traffic is on East Avenue. Most of this traffic is due to LLNL and SNLL 

personnel; on an average work day there are more than 2500 automobiles in the parking lots. Truck 

traffic also uses East Avenue , since most of these obtain access permits to LLNL at the South Main 

Gate Pass Office and must enter through this gate. 

During morning and evening peak periods such traffic is an adverse impact to residents living on 

East Avenue. Cost of maintaining the roadbed is increased due to DOE laborator ies' traffic. 

4 . 4 .  OPERAT!ONAL RELEASES OF RADIOACTIVE ANO NONRADIOACTIVE EFFLUENTS 

Accidental releases of boch radioactive and nonradioactive effluents were discussed in section 

3.9. Acc idents due to human error (including inadequate engineering controls) can be minimized. This 

section addresses those releases that, although technologically reduced to the lowest practicable 

level, occur as a consequence of normal programmatic activities. 

4 . 4 . l .  Rad ioactive Releases 

Radioactive airborne and liquid releases from the Livermore site in 1980 are listed in Table 3-1. 
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4 . 4 . 2 .  Nonradioactive Releases 

There are no significant airborne releases of hazardous nonradioactive materials. 2-1 As noted , 

LLNL perimeter air filters are analyzed for beryllium content to detect possible releases of this 

material from beryllium machining operations. The data indicated levels approximately three orders of 

magnitude below those set as applicable standards (40 CPR, Part 6 1 ) .  At Site 300, release of 

radioactive and toxic materials to the environment is an unavoidable consequence of high-explosive 

tests involving these materials. However ,  as noted in section 2, air samplers are continuously 

operated at ten locations within the boundaries of the site. Analyses of these samples show 

concentrations well below DOE guide levels. Indeed , the beryllium levels observed can be accounted 

for by resuspension of surface soil containing naturally occurring beryllium. Accordingly, the 

off-site environmental impact from radioactive or toxic materials resulting from Site 300 operations 

is negligible. 

Similarly, due to the remoteness of the Site, there is little off-site impact from annoying 

noises or damaging overpressures. Based on meteorological measurements made twice daily, a limit is 

set on the weight of high explosives that can be detonated without impact on populated areas. In 

spite of these precautions there are occasional incidents involving a noticeable overpressure, which 

are caused by an unexpected shift in the direction of the upper winds. s�ch incidents are rare, but 

must be considered unavoidable environmental impacts. At Livermore research levels of chemicals are 

periodically released via laboratory fume hoods. Experience has shown that these releases constitute 

no off-site environmental concern. There have been occasional pH excursions in both LLNL and SNLL 

sewe r effluents, some of which have required diversion at the Livermore Water Reclamation Plant. 

These incidents are listed in Appendix 3A. 

4 . 5 .  RADIATION DOSE TO THE PUBLIC 

This matter has been addressed in section 3. 7 .  The largest potential for radiological dose on 

man from DOE's Livermore operations is from LLNL 's 14-MeV neutron generator in Building 212 . 

Radioactive airborne effluents include 41Ar from the LLNL reactor , Building 28 1 ;  13N - 150 

from LLNL 's linear accelerator , Building 194; and 3
a, principally from LLNL's Building 331. 
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S. ALTERNATIVES 

5.1. INTRODUCTION 

The basic subject of this environmental statement is the question of whether the present and 

proposed operations at the two DOE laboratories in Livermore, California, can be carried on without 

causing unacceptable environmental impacts. 

Based upon the evaluation of environmental i•pacts presented in this statement, it appears that 

these laboratory operations can continue with adequate assurance of environmental safety. 

Nevertheless, DOE has examined the following alternative courses of action: 

• Plartt shutdown and site decom111issioning. 

• Total or partial plant relocation. 

• Scaling down those operations having the greatest potential for adverse 

environmental impact. 

• Use of alternate technologies having reduced environmental impact. 

5.2. PLANT SHUTDOWN ANO SITE DECOMMISSIONING 

Plant shutdown and site decommissioning would eliminate the environmental impacts arising from 

both normal operations and those resulting from potential accidents. Such action would jeopardize the 

attainment of present national goals in national defense. Even if this step were taken, 

decommissioning of the Livermore site would involve decontamination of several large facilities, and 

continual radiological safety surveillance in the vicinity of such areas as the Site 300 burial 

areas. Thus, plant shutdown may not permit unrestricted use of these facilities. 

Such a shutdown would also cause a loss of much of the capital investment in facilities and 

equipment and a significant socioeconomic losa to nearby co111111unities. 

5 . 3 .  TOTAL OR PARTIAL PLANT RELOCATION 

some parts of the work carried out at LLNL parallel research carried out elsewhere. Similarly, 

some parts of the work done at SNLL relate to work done at Sandia National Laboratories-Albuquerque 

and elsewhere .  While these efforts are not duplicative, the existence of other weapons laborator ies 

is a basis for considering the feasibility and practicality of the alternatives of plant relocation . 

The sociological and economic impact on the Liver1110re area resulting from total relocation of 

LLNL and SNLL would be difficult to balance against possible environmental benefits. As noted in 
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section 3 . 8 . l ,  the population of Liver11Y.>re has increased from about 4000 to nearly 50,000 since LLNL 

began operation in 1952. Today the Livermore Valley is part of the Bay Area suburbia, and many people 

l ive here and work elsewhere. However, about 50% of the LLNL and SNLL staff of approximately 8 , 200 

live in the Livermore area. Assuminq an averaqe family size of four , then about 20% of the Livermore 

area's population is directly dependent on DOE employment. Regardless of the relocation site 

(assuming it to be beyond reasonable commute distance) ,  many people would elect to stay in Livermore 

and seek employment elsewhere. Employment for the specialized talents of many staff members would be 

difficult to find. Consequently, many of those who did not move with the Laboratory would be forced 

to leave Liver11Y.>re. Such action would adversely affect local business and property values. 

The time required for orderly site relocation would result in major programmatic interruption. 

In nuclear weapons development programs , these delays would affect Defense Department planning, 

scheduling, budget commitments, and our nuclear defense position would deteriorate. Similar delays 

would be experienced by energy and biomedical programs . Finding alternate utilization for the 

physical plant facilities would pose a problem. With the exception of the office-type structures, 

most of the DOE buildings have special design features unique to a given program requirement. For the 

most part, these buildings W".>uld require major lllOdification for nonnuclear application. The air 

pollution potential of the Livermore Valley precludes the use of the property by heavy industry. 

Accordingly, available options for its land use are l imited to agriculture and light industry. 

5 . 3 . l .  Partial Relocation 

Operations such as the 14-MeV neutron accelerator (in Building 2 12 ) ,  Nuclear Chemistry Operations 

(Building 251) , Tritium Research Facility (Building 331) , and the Plutonium Facility (Building 332) at 

LLNL and Sandia ' s  Tritium Research Facility all have potential for adverse impact. These operations 

couid be relocated at the Nevada Test Site (NTS) . Such a location might seem attractive because NTS 

is an area geographically remote from population centers and is owned and operated by DOB. 

Furthermore, many areas within NTS have been exposed to the impact of previous nuclear testing. As a 

result, the additional radiation i.mpact of the operations listed above would be mi.nimal. 

However, such action is not a logical or desirable alternati.ve. Discounting the cost of 

relocating and staffing the above facilities, the geographical separation from Livermore would reduce 

them to satellite operations. As such, work performance on those projects would lose the benefit of 

the close proximity to highly unique support activi.ties and other scientific projects that on-site 

facilities enjoy, and which is essenti.a1 for smooth programmatic progress. 
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5 . 3 . 2 .  Relocation Within the Liver1110re Site 

Relocating an operation to reduce its environmental impact is seldom cost-effective compared with 

insti tuting properly designed engineering and management controls. However, there are exceptions , and 

LLNL's 14-MeV neutron accelerator in Building 212 is a case in point. This building, which was used 

as a drill hall by the Navy in World War II, is within 30 m of the southern perimeter fence adjacent 

to East Avenue . Because of its proximity to a public thoroughfare (East Avenue) ,  the operation of the 

neutron accelerator at higher flux rates is prohibited by the high cost of adequate shieiding, Most 

of these experiments are now performed in a new facility (Building 292) in the northwest quadrant of 

LLNL. 

5 . 4. OPERATIONAL MODIFICATION 

Modifying those operations having the greatest potential for adverse environmentai impact is a 

practical alternative. At the two Livermore laboratory facilities, emphasis is placed on direct 

measures to reduce possible environmental impact rather than on simple workload reduction. An 

effective effluent-reduction program based on good engineering and proper management is reducing the 

environmental impacts without sacrificing plant productivity. 

At Livermore, the effort in any given research area is regulated by programmatic need. Some of 

these programs have a signif icant potential for adverse environmental impact. Those in this category 

receive special attention to assure that environmental effects ace reduced to the minimum. As an 

example, large quantities of berylliwa were processed at Liver1110re during the late 1950s and early 

1960s in support of a specific program . These operations, performed in gloved enclosures, were 

thoroughly mon itored to assure that airborne beryllium was not released. As a result of those 

precautions , after the program was complete, beryllium contamination was limited to the enclosures and 

process lines. Recent soil samples taken at LLNL site perimeters show beryllium levels typical of 

those naturally occurring in Livermore Valley soils. 

In other instances, the scale of operations has been reduced, which resulted in lessening the 

environmental impact . In the fall of 1973 methods were being considered for reducing the levels of 

4 1
Ar released by LLNL's pool-type reactor . Howeve r ,  when the operating schedules were reduced from 

two shifts per day to one shift, the fence-line doses were also reduced. In 1974 use of a 

neutron-absorbing gadolinium paint in the east thermal column combined with the shorter operating 

schedule further reduced the 
4 1

Ar released to the environment. Through this succession of measures 

th bl f 
41 

od . 
. 

e pro em o Ar pr uct1on was uced to the low�st practicable level and far less than the 

permissable standard. Due to a lack of projected need this reactor was shut down in 1980. 
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S . S .  US E  OP ALTERNATE TECHNOWGIES 

Since DOE's operations at Livermore are of a research nature and are subject to change with 

programmatic requirements, there is usually little opportunity to choose between technologies. Often 

it is because a technology has been developed that an operation can be undertaken at all. Each new 

operation ia reviewed for possible adverse environmental impacts , and procedures are incorporated to 

mini•ize any such possible effects . 

LLNL and SNLL have been quick to shift to alternate equipment or methods when technological or 

environmental advantages appeared. In fact, these two .laboratories have been innovative in devising 

better techniques and in finding improved technologies. 
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6 ,  RELATIONSHIPS BE'lWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

Prior to world War II the present DOE property at Livermore was used for cattle 9razin9 and 

occasional plantin9 of 9rain used principally for cattle feed , Similarly, prior to its acquisition in 

1955, the Site 300 area was used for 9razin9. For the most part the steep terrain at the latter site 

prevented its bein9 tilled. 

Since world War II the Liver1110re site has been committed to non-a9ricultural use, first as the 

Naval Air Station, and later as the site of the Lawrence Livermore Laboratory and the Sandia 

Laboratory. 

These Livermore properties could be used for home construction 1 however, without the DOE 

Laboratories there would be less need for additional housin9 . It is also possible to return these 

properties to a9ricultural uses, but it would not appear coat-effective to destroy the Laboratory 

buildin9s, utilities, and streets to convert the area to such use. Indeed, the Alameda County 

Plannin9 Commission has zoned some of the land surroundin9 the Liver1110re site for industrial use, 

indicatin9 that the county has determined the land ' s  highest value can be realized by industrial 

develo(llllent, not a9riculture. 

Due to the nature of the hi9h-explosive work at Site 300, there is considerable distance 

separatin9 the facilities. Consequently, only a small fraction of the total land area is occupied by 

buildin9s and returnin9 the land to use for grazing would be relatively easy. 

The Livermore Area General Plan is based on an increase in population to 173,536 by 1990, This, 

coupled with reports from other agencies , indicates that the expected long-term function of the 

Livermore Valley is to provide suburban housing , some agriculture, and light industry for the 

forseeable future. Thus the long-term productivity of the land will be maximized if DOE property 

continues as a research institution or if the buildin9s and facilities are used for some form of 

industry. 
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7. RELATIONSHIPS OF THE LIVERMORE OPERATIONS 'ro LANO USE PLANS , 

POLICIES, ANO CONTROLS 

Land usage at these sites does not appear to be in conflict with any known state, county, or city 

land use plans, policies, or controls. 

The Livermore General Plan has been recently revised. Citizen's committees have participated in 

formulating goals for the new General Plan, which include 

• A Livermore area growth rate near the national average of 1.8\. 

• Preserving the rural and native character of the Livermore area. 

• Planning a feeling of openness in urban areas. 

The growth rate of the laboratories and the implementation of their long-range plans are in 

balance with provisions of this Livermore General Plan. 

The proposed new entrance to LLNL from vasco Road (section 2.1.7.3) has been reviewed by Alameda 

County and the City of Livermore and is consistent with their plans. Since some of the land 

surrounding the Livermore laboratories has been judged to be prime or unique farmland, the impact of 

. 7-1 
the new entrance was reviewed using the Council of Environmental Quality gu1dance. 

The land needed for the new access road , which is privately owned , is not now being farmed and 

there are no plans to use it as such. The �ameda County Planning Commission has deteC111ined that the 

land ' s  highest value can be realized by industry and has zoned the area for industrial development. 

Accordingly, plans for the road construction are proceed ing, 

There are no known potential conflicts with plans of any other agency in continuing operation of 

Site 300, 

The Association of Bay Area Governments Regional Plan 1970-1990 proposed public ownership of a 

permanent open-space area for recreational and scenic value to the public1 areas west and south of 

Site 300 may be designated for this purpose. The Alameda County General Plan proposes major park and 

recreation uses along Tesla Road west of the Site. The San Joaquin General Plan for open space uses 

designates Corral Hollow Road as a recreational route. There does not appear to be any conflict with 

the Site if any or all of these plans mature. 

In SWlllD4ry, although the DOE laboratories, located on federal property, are surrounded by land 

that is undergoing change with respect to local use planning, the LLNL and SNLL sites do not conflict 

with and are inte<;rated into local land use master plans. 
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7-1. Executive Office of the President, Council on Environmental Quality, Analysis of Impacts on Prime 

and Unique Farmland in Environmental Impact Statements, Memorandum for Heads of Agencies, August 
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8 .  IRREVBRS IBLE AND IRRBTRil!!VABLB CatMI'lMENT OP RBSOURC� 

Irreversible and irretrievable co-itments of resources include those consumed by I.UiL and SNLL 

operations and those that cannot be reasonably expected to revert to a natural state if the DOB 

structures were removed. 

'l\:>ta l " inveatllent in plant and equipment at the DOE Liver110re laboratories is currently esti111Ated at 

about $1.5 billion. Thia represents the. current replace-nt cost of each facility constructed and 

equipped during the period from 1952 through S.pteaber 30, 1979 (1956 to S.ptellber 30,  1979 for 

5andia) .  Although not anticipated in the foreseeable future, these facilities could be de1110lished and 

much of the equipment recovered for use, and the land returned to its pre-Wor ld war II use. 

As discussed in section 2.3.11, small areas within LI.NL exhibit radiation levels slightly above 

background 1 these would require decontamination in event the site were decommissioned . 

Decontamination coats could not be predicted accurately until such time as specific decommissioning 

requirements becOIDe known . 

Resources conswaed or used by DOE's Liver1110re operations are discussed in section 3 . 3. In summary, 

use during 1979 was as follows: 

• Manpower 6906 man-years 

• Water 9.6 x 10
5 3 II 

• Natural gas 1.5 x 10
7 

m 
3 

• Fuel oil 988 m 3 

• Electricity 870 TJ 

• Gasoline 
3 

1528 m 

• Diesel 11"8 
3 

m 

• Jet fuel 761 
3 

m 
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9 .  ENVIRONMENTAL TRADE-OFF ANALYSIS 

9 . 1 .  INTRODUCTION 

The economic and environmental costs associated with the continuing and future operation of the 

· DOE laboratories at Livermore must be weighed against the national security and the technica l ,  

environ�ntal, and socioeconomic cultural benefits to be derived from this proposed action. The 

projected costs for LLNL and SNLL operations are considered to be commensurate with the magnitude of 

the effort involved . As previously demonstrated in this EIS, the environmental impacts resulting from 

these operations are limited. As discussed in sections 3 and 4 ,  these costs include the following 

items: 

• The temporary use is required of approximately 30 km
2 

of land originally used for grazing 

and now occupied by the Laboratory facilities and testing area. 

• There will be the continued impact of over 8000 employees and their families on the 

neighboring community. 

• A slight continued potential for accidents is inherent with research and development 

operations. 

• Contamination with radioactive materials will be minimized as much as is possible, but the 

potential will continue for possible small radiation dosage. 

• There will be continued resource utilization including manpower, water, electrical power , and 

fossil fuels, as summarized in section 8 .  

Conversely, the benefits of continued operation of the Laboratories a s  discussed i n  section 2 include: 

• Increased national security from nuclear weapons development. 

• Energy-systems development programs are directed toward systems to produce power . These 

include studies of fusion systems of both the niagnetic and inertial (laser) containment types 

and fossil fuel, geothermal, and solar development programs . 

• Other technological development programs of value to the nation are those of laser isotope 

separation, electronic systems, and improved chemical explosives . 

• Biomedical, radiobiological, and radioecological studies and innovations in computer languages 

indicate future benefits. 

These benefits clearly substantiate the need for continued operation in the light of national 

defense and energy requirements. 

A qualit.ative comparison of the costs and benefits of the alternatives discussed in section 5 can 

be made aa follows. The analysis balances the coats and benefits of the present operations as 
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9 . 3 .  CONCLUSION 

Based on the discussion of the general alternatives available and the information presented in 

the other sections of this assessment , it is concluded that DOB operations at Livermore should 

continue in the present 111anner in research and development. such action provides the capability to 

use any new technologies that are developed through the present prograaa , and continually review and 

upgrade the prograaa to minimize any possible adverse environmental i•pacta. 
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10. COMMENTS 

The Department of Energy (OOB) issued a Draft Environmental Impact Statement (DEIS) on the 

Livermore Site in September 1978. That OBIS (DOB/EIS-0028-0) assessed the environmental impact 

associated with current and continuing operation of both the Lawrence Livermore National Laboratory 

(LLNL) and the Sandia National Laboratories-Livermore (SNLL) . Public review and co111111ent on the OBIS 

were invited with the closing date for receiving cOllllllents being December 22, 1978. A total of 26 

comment letters were received from goveLnment agencies, organizations and individuals. To provide 

further opportunity for public colDIDent, a public hearing on the OBIS was held in Livermore on April 12, 

1979. 

Major substantive issues raised through letters received and at the public hearing concerned: 

(1) earthquake safety of continued operations of the laboratories on the Livermore site, (2) employee 

health effects associated with Livermore operations, (3) the maximum credible accident , (4)  cost

benefit analysis of Livermore operations, (5) emergency response plane, and (6) the transportation of 

radioactive materials in and out of the Livermore site. 

This section contains the c0111111ent letters and the response to each. 
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to be. lu.6 than 2 m1t.e.m. TfU.6 doL>e. .iA well w.<..thbt a.c.c.e.pta.ble. Jr.a.cU.o.ti.on 
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U .iA no;te.d ;tha.;t ;the. o rr.ly Jte. 6 e.Jte.nc.e. to ;the. n.£nd.i..ng.6 .iA ;tha.;t ht 1 9  7 6 a.U 
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tltatlon gu-ldu. Add.i..t.i..ona.f. d.a.ta. would be. he.lp6ul ht ct6.6U.6htg the. 
en v,i.Jto nme.nta.f. hnpa.c.t. 

3 ,  Section 3 . 9  Ac.c..i..de.rr.t 

The. d.i..l>c.U.6.6.i..ort.6 a.nd pf[.Uentatlon 0 6  da.ta. on c.oMe.que.nc.u 0 6  poL>;tui.a.;te.d 
a.c.c..i..dmt6 ha.6 ade.qua.te.ly a..6.6 U.6 e.d ;the. .i..6.6UU tha.t .i..mpa.c.t on public. he.a.l;th 
a.nd .&a6e.ty. Howe.ve.Jt, U .i..-6 no;te.d 61[.om Ta.ble. 3 - 1 6  ;that the. do.&e. 61tom ;the. 
601ta.g e.-c.ow-mi.lk pa.thwa.y .iA h.i..g he.It ;tha.n du.i..Jta.ble.. Mil.k 1te.pla.c.e.me.nt .iA 
a pf{.o;te.ctive. action ;tha.t c.a.n be. ta.ken a.6.t:e.Jt a.n unp.£.a.nne.d 1te.le.Me.; howe.ve.Jt 
U L>hould no;t be. de.pended upon ;to Jte.duc.e. ;the. popu.l.a,tlon do.6e. ;to ;the. e.x
c.i.U.6.i..on on a.d.d.i..ng a.d.c:U..U.ona.f. c.ontJr.ol.6 to Jte.duc.e. ;the. .60UltC.e.. 

Contbtue.d no1tma.f. ope.Jtatlort.6 a.;t the. U.ve.1tmo1te. .t>Ue. c.a.n be. e.xpe.c.te.d ;to 
1tuuU ht a.n m,ln,ima.f. e.nv,i.Jtorr.me.n;ta.f. hnpa.c.t a.nd ;to pMv.i..de. 601t pf{.o;te.ction 
06 ;the. public. health a.nd .6a.6e.ty. 

Shtc.e.Jte.ly fJOUlt.6, 

� �f' 
Cha.Jtlu L. We.ave.It 
Co rt.6 uUa.n;t 
Bulte.a.u o 6 Ra.d..i..olo g.i..c.a.l H ea.Uh 

10-3 

ChapWL Anatyzi6



Reapon•• to Letter l 

DOE RESPONSE TO LETTER PROM THE DEPARTMENT OP HBALTR, EDUCATION AND WBLPARB 

In reaponse to your c09lllent• on section• 2.l.8 and 3 . 7 ,  we have included the 1980 LLNL 

Bnviro1U1ental Monitoring Report. 

Regarding your C01111enta on section 3.5.l,  the cuaulative radioactive waate illpacta for the entire 

site are found in Table 3-1 and in aection 2.l. 6.10. Since the total iJlpact is nall, we have not 

provided i•pacts for each aource. 

A• to your cot111ent on aection 3.9, the Liver110re Valley has no pastured dairy herds so the 

population exposure following a criticality accident frOll the forage-cow-•ilk pathway is limited to a 

few individual• who maintain faaily ailk cow• (and only if tho•• cow• are not on purchased feed) . We 

take all reaaonable precautiona to reduce the riak of all accident•, especially nuclear criticaliti••· 

00•• reduction through •ilk replaceaent is only one of thoae precaution•. 
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Department of Energy 
Washington, D.C. 20545 

G .  Facer, DP 
A. Schoen, EV 
J .  Swi nebroad , EV 
R. Stern, EV 
S . Mi 1 1  er , OG C 
D .  Smith, AD 
R .  Mi l l er,  AL 
C .  Lindeken, LLL ( 2 )  
J .  Jeutten , SAN 

oc: 

Li brary ,  Room 1 223 , 20 Mass Avenue 
G. Denn i s ,  AL 
G. Pi tchford , CH ( 2 )  
R .  B lackledge, ID 
J .  Felton, OR 
T. Bauman, RL 
D. Cook,  SAN 
D. Peek, SR 
D .  Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028- D ,  
L I VERMORE SITE , LIVERMORE , CALIFORNIA, SEPTEMBER 1 978 

Attached for your information or pl acement i n  your respective 
publ i c  document room for publ i c  inspection i s  a copy of cOlllTlent 
letter No . 2 received on the subject draft statement from 
Mr. Francis C .  H .  Lum, State Conservati on i s t ,  Soi l Conservation 
Servi ce , Department of Agriculture, dated November 8 ,  1 978. 

Attachment 

' 

---;:- , 

../ . c / .  A. ' - _. , ' • • 

, /  ./ c {t' t /tt?<7c � .  H .  
-Oivision of NEPA 
Office of Envi ronmental Compl i ance 

and Overview/EV 
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Response to Letter 3 

DOE RESPONSE TO LETl'ER FROM MS .  CECILIE HOFFMAN 

As discussed in the DEIS, ge09raphical separation of any of the research projects from Livermore 

would lose the benefit of proxiaity to highly unique support activities that is essential for smooth 

pr09ra11111atic pr09ress. Consequently, your suggestion of moving plutonium operations to an underground 

storage area · is not practical at this time. 
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C u l tural R e s o u r c e s  

Cul t u r a l  r e s o u r c e s  are n o t  adequate ly a d d re s s e d .  Arche o l o g i c a l  
C on s u l t in g  and Re s e arch S e rvi c e s , under c o n t r a c t  t o  Lawrence 
Livermore Labo r a t o r y ,  c o n d u c t e d  a p r e l iminary arch e o l og i c a l  
reconna i s s an c e  o f  S i te 3 0 0  wh i c h  docume n t e d  s even arch e o l o g i c a l  
s i t e s . However, t h e re i s  n o  e v i de n c e  o f  further e f f o r t s  b y  t h e  
D e p artment o f  Energy t o  f o l l ow up o n  t h i s  d i s c overy b y  e v a l u a t i n g  
t h e  s i t e s  f o r  t h e i r  s i g n i f i c ance and p o t en t i a l  i n c l us i on i n  the 
N a t i onal Re g i s t e r  o f  H i s t o r i c  P l ace s . 

The F e d e r a l  c u l t u r a l  r e s o u r c e  p r o t e c t ion g u i d e l i n e s  ( 3 6 C F R  800 ) 
s e t  forth F e d e r a l  agency r e s p o n s i b i l i t i e s  t o  i de n t i f y  h i s t o r i c  
and arch e o l o g i c a l  s i t e s  with i n  t h e  area o f  imp a c t  o f  Livermore 
S i t e o p e r a t ions , evaluate them agains t the N a t i o n a l  Re g i s t e r  
C r i t e r i a  ( 36 C F R  800 . 1 0 ) ,  and r e q ue s t  a d e t e rmi n a t i on o f  
e l i g i b i l i t y .  The agency mus t  c o o r d i n a t e  t h e s e  a c t i v i t i e s  w i th 
the a p p r o p r i a t e  S t at e  His t or i c  Pres e rvat i on O f fi c e r .  

App a r e n t l y  damage t o  arche o l o g i c a l  s i te s  o n  S i t e  300 h a s  a l re a dy 
occurre d .  Continued h i gh e x p l o s ive t e s t i n g ,  as we l l  as p l anne d 
c ons t ru c t i o n  o f  a 1 5  MeV l in e ar a c c e l e r a t o r  on the s i t e ,  w i l l  
undoub t e d ly i n c r e a s e  the l o s s  o f  c u l t u ra l  i n f o rma t i on . DOE 
s h o u l d  c o n t a c t  the SHPO imme d i at e l y  t o  e v a l u a t e  the s i gn i f i cance 
o f  the s i t e s  known on S i t e  300 , and to deve l o p  a m i t i g a t ion 
p l an i n c o r p o r a t i n g  me as ures recommen d e d  b y  the SHPO and the 
c o n s u l t ing arche o l og i s t s . 

F i s h  and W i l d l i fe Re s ources 

Our records show that i n  Decemb e r  1 9 7 5  the GSA deeded approxima t e l y  
100 acres o f  s u r p l u s  AE C p r o p e r t y  o n  t h e  e a s t s id e  o f  S i te 300 
to the C a l i fornia Department o f  F i sh and Game f o r  use as a 
w i ld l i fe p r e s e rve . The s t atement s h o u l d  d i s cu s s  any p ot e n t i a l  
e f f e c t s  of continued t e s t i n g  and future c o n s t r u c t i o n  o n  the 
w i l d l i fe at the C o r r a l  H o l l ow E c o l o g i c a l  P r e s e rve . 

Ap pendix 2 D  l i s t s  t h e  b i o t a  found on the Lawrence and S an d i a  
L a b o ra t o ry s i te s  near Livermore . A s im i l a r  l i s t ing f o r  s i t e  3 0 0  
w o u l d  b e  des irab l e . The b a l d  e ag l e  i s  l i s te d  i n  t h i s  a p p e n d i x ,  
b u t  n o  t r e a t me n t  i s  g i v e n  i n  the text o f  the s t atement c o n c e rn i n g  
t h e  e f fe c t s , i f  any , o f  p r o j e c t  a c t i v i t i e s  on t h i s  endan g e r e d  
s pe·c i e s . 

The d r a f t  s t ateme n t  i n d i c a t e s  that an area containing t h e  rare 
p l ant ams inckia h a s  b e e n  r o p e d  o f f .  The s t atement 
s h o u l d  a l s o  e x p l a i n  any e x i s t i ng o r  p l anned p r o j e c t  a c t i vi t i es 
in o r  near the are a ,  p a r t i cu l ar l y  upgrade from t h e s e  p l an t s . 
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Department of Energy 
Wash!ngton, D.C. 20545 

G .  Facer, DP 
A. Schoen, EV 
J.  Swinebroad, EV 
R .  Stern , EV 
S. M i l l er ,  OGC 
D .  Smi t h ,  AD 
R .  Mi l l er,  AL 
C .  L i ndeken, LLL ( 2 )  
J .  Jeutten, SAN 
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·

·
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Li brary , Room 1 223 , 20 Mass Avenue 
G .  Denni s ,  AL 
G. Pi tchford , CH ( 2 )  
R .  B l ackl edge , I D  
J .  Fel ton, OR 
T. Bauman , RL 
D.  Cook,  SAN 
D. Pee k ,  SR 
D. Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028- D ,  
L I VERMORE SITE , LIVERMORE , CALIFORNIA, SEPTEMBER 1 978 

Attached for your i nformation or pl acement i n  your respective 
publ i c  document room for publ i c  i nspection is a copy of coll1Tlent 
letter No. 4 received on the subject draft statement from 
Mr. Larry E. Meierotto, Deputy Ass i s tant Secretary, Department 
of the Interi or, dated December 8, 1 978. 

Attachment 

··� . 

-

· 

L--,.,..... W.  ,, Pennington of NEPA Affa i rs 
Office of Envi ronmen tal Comp l i ance 

and Overview/EV 
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Response to Letter S 

DOB RESPONSE 'l'O LBTTBR l"RCM MS. SUB CRBSWBLL 

There are no nuclear power plants at the Liver110re site. Until March of 1980, a 1111all pool-type 

training reactor was operated by the Lawrence Liver110re National Laboratory, however, that reactor is 

now dec01111ieeioned. 

With respect to relocating the plutoni1111 activities, geographical separation of this research 

effort fro• the Liverniore site would reduce the activities to those of a satellite operation. As a 

result, the work would lose the benefit of highly unique support activities available to on-site 

facilities. 
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J .  Swinebroad , EV 
R .  Stern , EV 
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D.  Smi th,  AD 
R. M i l ler,  AL 
C .  L i ndeken, LLL (2)  
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Li brary , Room 1 223 , 20 Mass Avenue 
G .  Denn i s ,  AL 
G .  Pi tchford , CH ( 2 )  
R .  B lackledge , I D  
J .  Felton, OR 
T. Bauman, RL 
D .  Cook, SAN 
D. Peek, SR 
D .  Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT, DOE/EIS-0028-D, 
LI VERMORE SITE , LIVERMORE , CALIFORNIA, SEPTEMBER 1 978 

Attached for your infonnation or pl acement i n  your respective 
publ i c  document room for pub l i c  i nspection i s  a copy of corrment 
letter No . 6 received on the subject draft s tatement from 
Ms. Marjorie Bowman,  El Cerrito, Cal i forni a ,  dated December 6 ,  1 978 . 

Attachment 

'- of NEPA Affairs 
Office of Envi ronmental Compl i ance 

and Overview/EV 
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Association of Bay Area Governments 
Hotel Claremont • Berkeley, California 94705 • (415) 841-9730 

December 1 1 ,  1978 

Mr. W .  H .  Penni ngton 
Mail Station E-201 
GTN 
U . S .  Department of Energy 
Washington, DC 20545 

Dear Mr. Pennington: 

Thank you for the opportun i ty to corrment on the DEIS for the Li vermore S i te 
(DOE/EIS-0028-D) . S taff has reviewed this document and is  forwardi ng the 
following corrments . ABAG ' s  Executive Board has not taken a position on this 
document or the proposed project. 

The DEIS ,  prepared to discuss the impacts of existi ng and planned activities 
at the Lawrence Livermore Laboratory and Sandia Laboratories , needs to be 
suppl emented i n  order to document two s i gnificant impacts : 

1 )  As existing and new employees conmute to work , air  qual i ty 
conditions (which are al ready severe i n  the L ivermore-Amador 
Val l ey) wi l l  continue to deteriorate. The DEIS should discuss 
the impact of i ncreased vehicle  emi ssions on a i r  qual i ty ;  the 
DEIS also should identify measures to mi tigate this impact. 
ABAG ' s  regional pol i cy cal l s  for reduced motor vehicle emi ssi ons 
through transportation actions ( trans i t ,  carpool i ng ,  etc . )  to 
reduce vehicl e use. This i nformation shoul d be suppl i ed to 
detennine the consistency between the project and regional pol icies .  

2) The DEIS should be more specific i n  estimating the housing 
demand generated by the expans ion of the existing faci l i ties.  
The number, occupational characteristics , and estimated i ncome 
l evels of new employees should be provided along with housing 
market i nfonnation about where housing of corrmensurate rent/price 
l evel exists to meet the needs of new empl oyees . 

I n  discussing the relationship of the project to ABAG ' s  Plan ( DEIS 
p . 7- 1 ) , reference is made to the 1970 plan map. The map was not to be 
interpreted in a s i te-specific manner. A copy of ABAG ' s  position on growth i n  
development i n  the L ivermore-Amador Val l ey i s  i ncl uded from the Plan 
1978, a document issued earl ier this year. For your benefi t ,  we are 
a to the Al ameda County Water Conservation District, Zone 7 ,  which gi ves 
a regional pol icies h i s tory for the Li vermore-Amador Val l ey .  Al so , the final 
EIS should i nclude reference to ABAG ' s  most recent popul ation , l and use, and 
employment projections ( attached ) r  The text (DEIS p. 2-44) u ti l i zes projections 
which are no longer used by ABAG and l ocal governments . 

Representing City and County Governments in the San Francisco Bay Area 
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Department of Energy 
We:tshington, D.C. 20545 

G .  Facer, OP 
A .  Schoen , EV 
J .  Swinebroad, EV  
R .  Stern, EV 
S .  M i l l er ,  OGC 
0 .  Smi th , AD 
R .  M i l ler,  AL 
C .  Li ndeken, LLL ( 2 )  
J .  Jeutten , SAN 

; '.':IB 

Li brary , Room 1 223,  20 Mass Avenue 
G .  Denn i s ,  AL 
G .  Pi tchford, CH ( 2 )  
R .  B l ackledge, I D  
J .  Felton, OR 
T. Bauman, RL 
0 .  Coo k ,  SAN 
0 .  Peek, SR 
D .  Jackson , NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028- 0 ,  
L IVERMORE S ITE, LIVERMORE, CAL IFORNIA, SEPTEMBER 1 978 

Attached for your information or pl acement i n  your respective 
publ i c  document room for pub l i c  i nspection i s  a copy of colllTient 
letter No. 7 received on the subject draft statement from 
Mr . Charles Q .  Forester , D i rector of P l anning,  Assoc iation of 
Bay Area Governments , dated December 1 1 ,  1 978. 

Attachment 

. 

. ,.- C�:"< 
. 

W..� H .  
<-"Division of 

Office of Envi ronmental Compl i ance 
and Overvi ew/EV 

Note : The encl osures to colllTient letter No. 7 are being transmitted 
only to C .  Li ndeken, LLL.  
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December 8 ,  1978 

. UNITED STATES DEPARTMENT OF COMMERCE 
The Aaaiatanc Secretary for Science •nd Technology 
Washington, D.C. 20230 
1202) 377-:mx 4335 

Mr . W . R .  Pennington , Director 
Division of Program Review 

and Coordination 
Department o f  Energy 
Washington, D . C .  20545 

Dear Mr . Pennington : 

This is in reference to your draft environmental impact 
statement entitled " Livermore Site , Livermore , California . "  
The enclosed comment from the National Oceanic and 
Atmospheric Administration is . forwarded for your consid
eration . 

Thank you for giving us an opportunity to provide this 
comment , which we hope will be of assistance to you. We 
would appreciate receiving 10 copies of the final 
statement . 

S incerely, 

) I ' 
, . I .. . /f. t / l .,, I ;' /......,., ' ,, /t,.(. (. ' •  • • , •I • 

� idney R .  Galler 
Deputy Assistant Secretary 
for Environmental Affairs 

Enclosure Memo from: Mr . Douglas Lecomte 
Environmental Data Service 
NOAA 
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Washington, D.C. 20545 

G.  Facer, DP 
A .  Schoen, EV 
J. Swi nebroad , EV 
R .  Stern, EV 
S.  Mi 1 1  er, OGC 
D. Smi th , AD 
R .  Mi l l e r ,  AL 
C .  Lindeken, LLL ( 2 )  
J .  Jeutten, SAN 

Li brary , Room 1 223, 20 Mass Avenue 
G .  Denni s ,  AL 
G .  Pi tchford, CH ( 2 )  
R .  B l ackledge, ID 
J .  Felton, OR 
T .  Bauman,  RL 
D. Coo k ,  SAN 
D. Peek, SR 
D .  Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028- D ,  
L I VERMORE SITE , L I VERMORE, CALIFORN IA,  SEPTEMBER 1 978 

Attached for your i nformation or pl acement in your respective 
publ i c  document room for pub l i c  i nspection i s  a copy of colllTient 
l etter No. 8 received on the subject draft statement from 
Dr. Si dney R. Gal ler ,  Deputy Ass i s tant Secretary for Envi ronmental 
Affa i r s ,  Department of Conmerce, dated December 8 ,  1 978 . 

Attachment 

. 

� 

___., of NEP Affairs 
-office of Envi ronmental Compl i ance 

and Overview/EV 
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Mr. 'W. H. Pennington 
Mlil Station E-2011 GTN 
Department of Energy 
W&shington1 D. C .  20545 

Dear Mr. Pennington: 

December 101 1978 

I have read the Draft Environmental Impact Statement on Lawrence Livermre 
Labs .  

The meager attention given to the Se ismologic Evaluation ( 3  pages) was 
inadequate in view of the twelve active earthquake faults in 'the area. 
The report ' s  assurance that protectio� is provided and all contingencies 
covered makes little sense in light of the danger of air, water, and food
chain contamination to nearby large urban areas with a total population of 
41276,ooo within 8o kni. of the site (your

. 
figures) .  

I was puzzled because so many pages (14) were devoted to the Flora and 
Fauna of the area and to justifying the taking of agricultural land back 
in the 150 1 s .  I was delighted that there are Jackrabbits (lots of them), 
and gophers, and red-breasted nuthatches, and sowbugs, but that is not 
addressing the issue. Then I learned that the Statement was written by 

(or supervised by) the I.LL officials. That explained much of its "glossing 
over" of hazards and the apadding" with all the inconsequential stu.ff. 

I urgently request: 

l. An answer to why the report took the "phoney .. form it did. What 
information are you hiding? 

2. An adequate public hearing in the Bay Area with time allotted 
for local citizens to ask questions and receive answers. This necessitates 
ample public notice of the meeting in an accessible place and an impartial 
��ra�r � charp. 

· 

I trust I will receive an answer to this letter since public comment was 
requested. 

Yours sincerely,

10-31 Evelyn E. Johnson



Response to Letter 9 

OOB RBSPONSB TO LETTER FROM MS. EVELYN JOHNSON 

Based on public review and comment on the Livermore OBIS the seismic and geology section was 

rewritten and greatly expanded. In addition, a comprehensive field investigation was undertaken to 

evaluate on-site, and pertinent regional , geologic conditions that might affect the safety of the 

Livermore site, Results of this study will be reviewed by USGS and an independent geologic consulting 

company. Thia company will also impanel a committee of seismic experts to review the adequacy of the 

study. 

A public hearing on the OBIS was held in Livermore on April 12, 1979. 
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Response to Letter 10 

DOE RESPONSE TO LETl'ER PROM MR. ANDY BALTZO 

A public hearing on the LiveI'1110re OBIS was held on April 12, 1979. The a11ericiU11 waste accidently 

taken to the Eastern Alalleda County Disposal Site occurred on August 25, 1978. The material was 

recovered without incident and no member of the public received a radiation exposure frOll the 

material. The reason the incident was not contained in the DEIS was that the DEIS was being printed 

during that time. 

The EIS is restrictP.d to the specific impacts of the Liver1DOre sites. The larger questions of 

defense posture are national policy issues formulated at the national level. 
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A .  Schoen, EV 
J .  Swi nebroad , EV 
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Li brary, Room 1 223 , 20 Mass Avenue 
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G .  Pi tchford , CH ( 2 )  
R .  Bl ackledge, I D  
J .  Felton, OR 
T. Bauman , RL 
D. Cook, SAN 
D. Pee k ,  SR 
0 .  Jackson , NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028-0, 
LI VERMORE SITE , LI VERMORE , CALIFORNIA, SEPTEMBER 1 978 

Attached for your i n formation or pl acement in your respective 
pub l i c  document room for pub l i c  i nspecti on is a copy of c01T111ent 
letter No. 1 1  received on the subject draft statement from 
Professor Charles Schwartz , Phys ics,  University o f  Cal i forn i a ,  
dated December 1 5 ,  1 978. 

Attachment 

c,t · H .  
j,v'ision of NEPA ' ffairs 

Office of Envi ronmental Compl i ance and Overview/EV 
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F RI E N D S  O F  T H E  E A RT H  
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W . H .  Pennington 
Office o f  NEPA Coordination 
Department of Energy 
Washington , D . C .  20545 

Dear Mr. Pennington, 

December 18 , 1978 

We have carefully reviewed the Department of Energy ' s  (DOE ' s) Draft Environ
mental Impact Statement (DEIS) on the Lawrence Livermore Lab (LLL) and the Sandia 
Livermore Lab (SLL) published by DOE in September, 1978. The DOE vcn iion of th i s  
DEIS is essentially, almost verbatim, the same as the DEIS produced by the LLL s t a f f  
which was first published in October, 1 9 7 6  by LLL. W e  have reviewed that document 
and a companion, the Omnibus Environmental Assessment of the Sandia Livermore Labs 
(SAND 75-0268) which was printed in October, 197 5 .  Although it is apparently DOE 
policy not to reveal the names of individuuls who work on these DEIS ' s ,  we cun 
safely assume that the OOE-DEIS-0028-D published by DOE in September , 1978, was 
actually written and produced almost entirely by people who work at the labs in 
Livermore rather than by any DOE staff in Washington. This obvious con fl it: t  
of interest towards protecting their jobs and workplace has caused the authors of 
the DEIS to bias the report by underestimating the maximum credible accidents and 
environmental impacts that could result from operations of these nuclear weapons L1hs, 

Based on . a  thorough analysis of the DEIS on the Livermore S i t e ,  we hereby request 
the DOE to conduct public hearings on this DEIS because i t  is inadequa t e ,  incomp lete , 
and misleading, from cover to cover, for the reasons explained below. A major inade
quacy of the DEIS is that it does not even mention numerous environmental impacts 
of the operations of the labs, and the ones it does mention are incompletely analyzed . 

The text of this DEIS is invalidated because it fails to integrate an appendix 
that is so significant that every section o f  the DEIS needs to be reevaluated and 
revised in detail because o f  the information presented. That information is in 
Appendix 2A, ''A Geological and Seismological Investigation of the LLL S i t e . "  

Although the maps i n  Appendix 2A (enclosed with these conunents) show that there 
are at least thirteen active earthquake faults that could damage the labs, the DEIS 
does not analyze the consequences of earthquake damage. I t  apparently assumes tlwt 
there will be no damage. Or perhaps the authors of the DEIS realized that earthquake 
damages could be so devastating to the labs that they should not mention the possibi
lity and in that way suppress discussion. The DEIS should be revised and resubmitted 
for comments to allow adequate ventilation and discussion of the issues. 

Jhere are many critical components in the labs that could be damaged in a quake 
which would result in the release of radioactive liquids, gases, and solids into the 
local environment .  Several buildings contain hot cells, glove boxes, pipes, filter 
systems, and radioactive waste retention tanks that are particularly susceptible to 
earthquake damage. - The DEIS must be revised to include an analysis of each of these, 
including their original design criteria, any modifications made or proposed, and the 
potential environmental impact if they were damaged during an earthquake. Most of 
these facilities were built many years before the existence and locations of the 
nearby faults were known . 

10-41 1.9180 



Although LLL reprinted this t r i t i um research report in its News line, and altho1 : h  
the DEIS mentions the f a c t  that huge amoun ts of t r i tium could b e  released from e Lth�r 
of the labs in Livermore, and the fact that routine relenses o f  t r i tium occur, the 
DEIS fails to mention that there might be adverse healtl1 effects from routine or 
accidental releases o f  tritium. The DEIS fails to mention the Dobson report or any 
of the dozens o f  other scientific research reports available on tl1e health e f fects o f  
exposure to tritium. The DEIS st!ems to imply that t r i t ium releases arc hannless .  
This demons trates how the DEIS is a coverup o f  realistic environment�l impac t s .  

The most astonishing example o r  a historic accident listed i n  the Appendix ( JC ) , 
states that on March 26,  1963, there was a nuclear excursion during a criticality 
experiment in the Plutonium Metallurgical Chemistry Building that released 4 X 101 7 

fissions. The descriptions of the environmental impacts o f  this accident nrc tot:1 l Ly 
inadequate, and limited to one sentence which conclude there was nothing to worry 
about. The releases of radioactivity from this accident may have caused temporary 
or permanent contamination o f  agricultural lands and crops in the San .Toaquln and 
Livermore Valleys, but apparently this potential environmental impact was not i:ven 
considered. This accident description (and i t s  16 companions) needs tu be revtscd 
and expanded to include a complete list o f  any samples o r  studies that were done to 
test for contamination, o r  reasons to explain why such research was not done . 

Another inadequacy in the DEIS i s  i t s  failure to report the facts that fourteen 
of its employees have contracted multiple melanoma, a rare skin cancer, (at least 
two of these employees died) , and that at least t�o young children in the L Lv�rmorc 
Valley recently died o f  melanoma. I t  is almost unheard o f  in medical history for 
children under 15 to contract melanoma. Anotlicr local child ts being treated (or a 
rare tumor called Ewing ' s  sarcoma , and all of these facts twve generated signif:icnnt 
media coverage (see enclosed articles from the S . F .  Chronicle ) .  The newspaper reports 
say that the rate of increase o f  m�lignant melanoma in tl1c B3y Area is 5 to 1 0  t imes 
higher than the national average between 1970 and 1975, and that the overall Bny Ar0a 
cancer rate rose by about ten percent in those five years. These newspaper reports 
imply that the increasing cancer rates and deaths in the Bay Area, and especially in 
the Livermore Valley, may be caused by the operations of the nuclear weapons 1abs in 
Livermore . But you would never suspect this kind o f  env lronmental Lmpact from r� :1J i n� 
the DEIS coveru p . Tht! DEIS docs not mc.>ntlon thnt i t s  employees nre <lying o f  r:trv 
cancers that may be caused by exposure to radiation, o r  that the hend of the LLL 
Biomedical Division, D r .  Bernard Shore, died of malignant mel anoma . The DEIS is 
inadequate and misleading in analyzing the public health impacts of i t s  routine 
emissions and accidental leaks and emissions. Also it does not analyze the cumu
lative effects of emissions since 1951.  

The DEIS should b e  revised to include data o n  cancer incidence and ill health 
nmong past and present workers and their families. The discussion should include 
analysis of cancer rates in the Livermore Valley and in tl1e Bay Are� populations 
whose drinking water quality and air quality und food chains can be a f f e c ted by tl1e 
environmental impact o f  the labs in Livermore . The revision of the DEIS should includ� 
discuss ions o f  long-term health e f fects and genetic effects from exposure to various 
kinds o f  radioactive materials. It is generally accepted that exposure to radiation 
can increase the incidence of cnncers and leukemias and other henlth problems inclltd in� 
genetic mutations and miscarriage s .  13ut there i s  no mention of this informatlon in the 
DEIS. The major p rob lems causccl by exposure to radin t i nn can be delayed for ten to 
forty years after exposure s .  This fact allows nuclear weapons labs to cover up t11e 
real environmental impacts that they have on their employees and neighbors in nearby 
conunun i t i e s .  The DEIS should be revised to include any suggestions o f  epidcmilogical 
studies on long term e f fects of exposure to radiation. ln the revision, the s t a f f  
should take care t o  explain how tl1e health effects from radiation can b e  delayed for 
years after exposure . The revision should clarify whether or not any :itte;�mpt ts being 

10-43 



The guidelines do not excuse the Live rmore labs from notifying appropriate 
county and state officials of the potential for offsite releases of radiation and 
the potential need for evacuations in case o f  an emergenc y .  The DEIS is entirely 
deficient in this regard. No mention is made of communicat ions with state and 
county o f f icials to plan for emergency response s .  Apparently the labs can (and do) 
have disastrous accidnets such as are listed in the Appendix JC history, witl1out 
even notifying the county or the state,  What about the contamination of land, 
water and people downwind following those accidents! Was anyone notified! I f  such 
an accident occured in the future, would the vict ims be notified? By whom! Remember 
that radiation is invisible, and not sensed by humans, so contaminations and exposures 
could easily be concealed , as they apparently have been in the past at Livermore. 
Many times in the DEIS, future accidental exposures are cnlculated in such a question
able manner that they fall within a range that can be interpreted as not requiring 
evacuations . It seems that the DEIS deliberately manipulates numbers and data to 
avoid any credible accident that would require evacuations. They just never admit 
that an accident could occur requiring evacua tions. This kind of coverup is used so 
frequently and pervasively in the DEIS that it avoids entirely the realistic need to 
evacuate nearby populations in case of maximum credible accidents which are not ana
lyzed. Thus the DEIS in inadequa te and misleading and needs to be revised to include 
the realistic maximum credible accidents, and the realistic emergency responses which 
would include notifying state . and county officials to evacuate people and to decl�rc 
agricultural lands and crops contaminated. The new DEIS should discuss how long the 
contamination of soils in the agricultural valleys could last; what types o f  decontamina
tion procedures exist (describe in detail) or whether large scale decontamination o f  
the central valley would even be remotely possible; and e s t imates o f  the economic and 
sociological impacts of such accidents. I t  must be noted that the NRC (DOE ' s  sister 
agency and formerly the same entity in the AEC) commissioned the Rasmussen Repn r t ,  
WASH 1400. Although this report has been criticized by many scientific organizations 
as being a weak whitewash and coverup of the true potential of nuclear accidents, 
the Rasmussen• Report does give us some guidelines about evacuations and decontamina tion. 
I t  says that following a serious nuclear facility accident, it would be necessary to 
evacuate the surrounding population within 25 miles downwind , immediately or before the 
cloud of radiation passed over them. Beyond the 25 mile radius, the radiation 
might be diluted, but Rasmussen admitted that radioactive contamina tion of up to 
300, 000 square miles could result from a single nuclear accident. How would ·you(DOE) 
decontaminate that much land in the fertile Central Valley o f  California which is 
directly downwind from the labs in Livermore? The DEIS does not deal with this. 
The revised DEIS should specify in detail who would be notified following a serious 
accident at LLL or SLL. At what level of release would notification begin? How 
many counties downwind would be notified? Who would implement necessary evacuations? 
Who would be financially responsible for contam.inated agricultural lands! Who would 
be financially responsible for contamination of residential property! Who would be 
financially responsible for contamination o f  people exposed to the passing cloud? 
Does the Price-Anderson Act preclude government or DOE responsibility in these situations 

The DEIS is extremely misleading because it devotes many pages to glorifying the benc 
ficial financial, economic, and sociological impacts i t  has on surrounding communi t i e s ,  but it 

fails-to analyze the impacts it would have on the economy and the people i f  a serious 
accidents contaminated their property and destroyed their health. Where would all the 
benefits go after that happene<l1 Are the current benefits worth the risk o f  future 
catastrophes ? Who decides the risks versus benefits questions? The DOE staff should 
require the LLL staff to analyze these questions in a realistic manne r .  And the 
analysis should be done also by independent objective persons such as insurance 
agencies and scientific researchers from nearby universities. The DEIS as it now 
stands is too self-serving and misleading. The DEIS revision should include reports 
by independent experts whose jobs are not at stake if they admit the truth. 
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The DEIS on the labs a t  Livermore should be revised to reflect and to consider 
in detail the enormous investment of time and energy (man-years) devoted exclusi.vel ,. 
to nuclear explosions by the lab sta f f .  If a single underground nuclear explosion 
requires at least twenty man-years o f  preparation at Livermore , and there have been 

over 600 announced (non-classifLed) explosions, then there have been over 1 2 , 000 
man-years devoted to exploding nuclear weapons in the environme n t .  I t  seems thttt 
NEPA gui�elines would consider these projects by lab s t a f f  to be appropriate subject� 
o f  an environmental impact assessment to be incorporated in this DEIS or the fEI S .  
Why does the DEIS not even mention that bombs designed a t  Livermore have been 
exploded in Nevada , the South Pac i f i c ,  J\laskn, New Mexico, Mississippi nnd Color;Hlo! 
Why does this DEIS not analyze the environmental and health impac ts o f  fallout and 
long-term contamina tion from these explosions! 

Enclosed is an exerpt from a Scientific American article on the hazards o f  
fallout from nuclear explosion s ,  w i t h  a diagram showing the t o t a l  dose in rems 
from a single bomb test on Bikini Atoll in 1954. Several thousand rems of radiation 
were delivered to the islands o f  Bikini and Rongelap . Hundreds of rems to other 
islands. Y e t ,  no EIS has been done on the long-term effects of these atmospheric 
tests in the South Pac i f i c .  I t  i s  a current issue in American media and i n  the 
Congressional Records because some of those South Pacific Islanders would like to 
r8turn to their original homelands but cannot because the islands are still intense
ly radioactive and their food chains are contamina ted . But the DEIS fails to 
mention the role o f  the Livermore labs in these tests and their current role 
(very evident in other laboratory literature) in assessing the current hazard s .  

Although the atmospheric tests conducted before 1963 caused the dispersal o f  
over five tons o f  plutonium, LLL ' s  DEIS does not mention that or consider that the 
plutonium fallout that it created might have some environmental impac t .  The only 
reference to these tests in the Livermore DEIS is the cons tant comparisons of past 
or future plutonium releases, spills, and accidents to the "background" levels o f  
plutonium deposited in soils from global fallou t .  The DEIS implies that t h e  reader 
should accept the presence of fallout as normal and natural , and that because tl1c 
fallout levels are so high (in t e rms o f  soil contamination) tl1at a l i t t l e  more 
spilled plutonium would not have much environmental impac t .  Studies by LLL have 
shown that certain vegetable crops take up plutonium from the soil more ceadfly 
than other crops (although the DEIS does not mention this) ; and other studies have 
shown that wheat and grain crops take up plutonium from soil contamina tion. 
A recent report in Sc ience magazine ( a copy is enclosed with t hese comme nts) 
shows that plutonium can easily contaminate drinking w:iter supplies and that it 
can be readily absorbed from the gastrointe� tinal tract into other parts o f  the 
human body where i t  can create cance rs . Thc: s�� charac t e r i s t ic s  o [  p l u tonium were 
downplayed and denied for many years by nuclear labs people in such a way that led 
utilities to tell the public that i t  is safe to ingest p l u tonium because i t  cnn 
only hurt you if you breathe aerosol particles of i t .  

The DEIS does not explain why the labs in Livermore have not led the worl<l in 
researching the short term and long term health effects o f  human exposure to fallout 
from nuclear explosions. Such reseorch should concc.: n t r a t e  on the long l ived i. s n t o pL·s 
such as S t rontium-90 , Cesium-137 , t r i tium and plutonium. These isotopes are now 
!':>O widespread from Livermore ' s  bomb tests that almost every human on eartb iln<l cve 1·y 
food chain on earth contains residues o f  radioactive fallout . THAT IS TBE TRUE 
ENVIRONMENTAL IMPACT OF THE LIVERMORE LABS THAT THE DEIS IGNORES . The DEIS should 
be revised to correct this deficiency. 
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It is d i f f icult for the thousands of Americans who were exposed to radiation dur .. \g 
atomic explosions designed by the Livermore lab to receive compensation or benefits 
for their illnesses, cancers and imminent deaths bec3use the government will not 
admit that such health effects can be delayed for more than twenty years after the 
initial exposures . The Livermore lab has failed in its analysis of environmental 
impacts of its proj e c t s .  The l.:ib has failed in its duty to our nation because ir 
has not been honest about the p1 ential long-term l1ealth hazards from exposure to 
radiation. The DEIS should be revised to reflect these current , ongoing concerns 
that the American people have about the nuclear weapons explosions designed nnu 
conducted by the Livermore labs. Another enclosed news article shows that the 
Livermore lab (LLL) has been sued for $1 . 52 million in damages for the death of a 
man who was exposed to radiation exposure at NTS in 1970 during an underground t 
explosion that resulted in leakage or venting of radioact ive gases. This Baneberry 
test exposed over 900 people to radiation before they were evacuated. A cloud of 
radioactive gases passed over them. The suit charges that LLL o f f icials failed t o  

exercise due caution to guard against radioactive leakage , and that they failed to 
provide adequate evacuations. This incident and consequent lawsuit is not even 
mentioned as a consequence o f  the environmental impact in the DEIS. 

The DEIS on LLL and SLL needs to be revised and expanded to include analysis 
of the issues raised in the past few pages of these comments . However ,  it seems 
inappropriate for the Livermore employees to do the revision and expansion. They 
probably feel so much guilt and shame about the environmental and health impacts 
that their nuclear explosions have created, that they would not be able to honestly 
admit the full impa c t s .  The DOE should hire independent consultants to undertake 
this revision. And the DOE. staff should take responsibility to see that the DEIS 
revision is done with integrity and thoroughness. 

Another disturbing inadequacy of this DEIS is the way in which it deals with 
radioactive wastes created by the operations of the labs. The attitude seems to 
be one of ''out of sight. out of mind". Although the DEIS states on page 3-19 
that there is "no waste storage" at LLL, i t  should distinguish between temporary 
and permanent waste storage because i t  admits that over 120 cubic meters of solid 
(compacted) rad-wastes are created annually at the labs, and are shipped out twice 
a year to DOE burial grounds . Thus radioactive wastes are stored at LLL while 
they are awaiting the twice annu3l shipment s .  Temporary storage o f  liquid rad
wastes has resulted in accidental spills into the sewers and storm (runoff) pipes, 
and in plutonium leaks from solar evaporators where liquid wastes were treated. 

One important aspect of wastes generated by LLL is the radioactive wastes 
burial trenches at Site 300. On page 3-33, the DEIS notes that S l te 300 explosions 
result in environmental contamination with depleted uranium,beryllium, some 
natural uranium, thorium, and tritium. 25% o f  the depleted uranium is in debris 
after an explosion, 25 % is in the nearby gravels ,  and 50 % is dispersed beyonu 
the firing range . The gravel and debris that are contaminated after explosions 
are buried at Site 300 in disposal pits or trenche s .  These trenches are each 
fill�d with up to 150 kilograms of depleted uranium, covered with 1 . 2  meters of 
soil, and spaced 1 . 8  meters from the next trench. Some wastes are incinerated, 
although they are not identified as radioactive or non-radioactive. The DEIS 
does not analyze the long-term effects or potential future environmental impacts 
of burying hundreds of kilograms of uranium in trenches at Site 300. This section 
should be expanded to consider such impact analyses . The DEIS is. also inadequate 
here because it does not indicate the quantity and types of wastes that have been 
buried at Site 300 nor docs i t  est imate the future amounts of wastes to be buried 
there, nor the total amounts of wastes planned for burial a t  this site (cumulative) . 
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The fact that no solution has been discovered for the problems associated 
with storing rad-wastes for thousands of years is now a serious national security 
problem that endangers our nation ' s  future public health and safety. The environ
mental impact of the enormous quantity of rad-wastes currently existing from the 
nuclear weapons program could result in the contamina tion o f  all the land and waters 
in the USA. Although LLL often describes extensively in i t s  publicat ions how i t  
has been responsible for the design and development of the nation ' s  nuclear weapons 
arsenal. LLL never discusses its equal responsibility for creat ing millio11s or 
gallons of high level radioactive wastes that must be guarded and kept out of the 
environment for many centuries. The DEIS is inadequate because it 
does not describe any efforts by LLL or SLL to research �nd solve this problem 
that they have helped to create. The environmental impact of LLL projects is 
enormous, extending beyond the boundaries of the fences at the s i t e .  The fact 
that the rad-wastes from LLL are shipped o f f  to some storage site (e . g .  Hanford) 
is no excuse for the DEIS to ignore the problems and envlronmental impacts o f  
those wastes. The DEIS should be revised t o  discuss the waste problems and impat:ts . 
Obviously Hanford and other sites are discussed in other DOE DEIS ' s ,  but the 
Farallon Islands and Site JOO rad-waste disposal sites are not discussed in any 
DEI S ' s  and must be included in the Livermore DEIS revis ion. 

Another dramatic inadequacy of this DEIS is the fact that it discusses what 
are supposed to be maximum credible accidents for single components in certain 
buildings at LLL. This analysis is limited to accident scenarios involving three 
facilities at LLL, even though the rest of the DEIS text indicates that there 
are dozens of locations °

J
n the site where extremely serious accidents could occur in 

which various types of ra}oactive materials and gases would be released. The L>EIS 
does not even begin to present accident scenarios for these other parts o f  the 
facility. The DEIS should be revised to include all credible accident scenarios , 
especially in light of the earthquake hazards outlined in Appendix 2 A .  

l of the 3 accident scenarios involves a nuclear criticality accident in the 
Plutonium Metallurgical Chemistry fl 332 . I t  says that this accident 

could involve a fission yield of fissions. The DEIS then calculates the dose 
for the 1 , 20 9 , 000 people in the sector west o f  LLL. This includes people in. the 
East Bay and Peninsula communities , in densely populated neighborhoods . This 
accidnet would release over a thousand curies of xenon 138 which decays (half 
life 17 minutes) into cesium 137 wl1ich remains dangerous for hundreds of years 
and easily enters the food chain (NOTE: the DEIS does not g ive o r  anilly7.e t h i s  
environmental impact potential) . And the accident could release over 500 cureles o f  
radioiodine gases which can be inhaled from the passing cloud, o r' which can be 
taken up by the food chain from forage to cows to milk to humans. T11 cnlcul�t0 
the dose from these radioactive gases which would be blown by the winds to distnnt 
communities, the DEIS diveids the total amounts of radiation by the total number o f  
people downwind, and derives a dose . This methodology has problems but i s  genernlly 
accepted, although other methodologies exist that could be used for comparison. 
On page 3-64, the DEIS says that the accident in Building 332 could release between 
SO and lSO man-rems of gaseous radiation. It dose not say how these numbers were 
calculated. Doses were calculated for the west site boundary to be between 5 . 5  rems 
and JS rems (from the forage-cm.-milk food chain) . The DEIS comments thnt protect i ve 
measures would have to be taken to replace the milk from cows downwind o( the acci
dent . It does not soy how this would uc carril.!d out or who woulu do i t .  Presumably 
since federal facilities are only responsible for onsite response, this condemnation 
and confiscation of milk products would be up to local county and state officilas. The 
DEIS does not explain whether or not these people and the farmers who would l>� affected 
have been notified of the possibility of un accident requiring evacuations or the 
condemnation of agricultural produc t s .  
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The most serious problem in this DEIS as mentionud a t  the beginning o f  
these tommenl$ l s  its  failure t o  realisticly analyze the earthquake hazards 
to nll components and systems at the labs in lieht of the i n formation 
pres�nled in Appendix 2A. There are ten act ive faults quite near to the labs. 
Nine o f  these nearby faults could produce above a 6 . 1  on the Richter sc�le. 
The Livermore, Mocho, Tesla and Las Positas faults could produce a 6 . 5  on the 
Richter scale. The Greenville fault could produce a 6 . 7  on that scale. This 
data places the potential quakes from these faults in the range o f  the San 
Fernando quake o f  1971 in Los Angeles. That quake has been significant in the 
reanalysis of the Vallecitos Nuclear Center which is located about 10 miles 
from the Livermore Labs. The largest reactor at Vallecitos was shutdown in 
October 1977 by the NRC because of the earthquake hazard there. Now the 
continued operations o f  the plutonium labs there are in question because of 
these same hazards. In the Vallecitos case (in which Friends o f  the Earth i s  
legal Intervenors ) ,  the NRC Geosciences Branch has conducted a detailed review 
o f  the geology and seismology o f  the region which should be included i n  the 
Livermore Site DEIS because o f  the proximity o f  the two nuclear research labs 
and the similarities in seismic potential. The NRC Geosciences Branch publ islwd 
a Safety Evaluation Report Input on August L 7 ,  1978, that should be reviewed by 
the DOE for the Livermore DEIS revision. That document concludes that the 
Vallecitos site could experience ground accelerations in excess of 1 . 0  g from 
the Verona foult, a thrust fault that was considered inactive at the time 
Vall�citos was buil t .  This predictl:!d ground motion is based on observations 
during the:! San Fernando qu..ikc of 1971,  in which data wa� obtained showing scvc1 i i  
instances o f  ground accelerat ions in excess o f  1 . 0  g .  Several o f  the faults 
near the Livermore site could experience ground accelerations in excess of a 
1 . 0  g.  This is based on comparison o f  their length and potential magnitudes 
with the San Fernando quake which was a 6 . 5  magnitude quake on a short thrust 
fault . Trens:hing and other geologic investigations should be carried out a t  
the Livermore Site t o  determine the exact locations and historic motions o n  the 
faults near the s i t e .  

Serious 
The DOE should seriously reevaluate the LLL management ' s  choice of 0 . 5  g 

as the ground acceleration level chosen for modifications to the LLL facilities.  
The 1974 report by Wight in the DEIS Appendix 2 A suggests that a more appropriate 
value for 5round motions would be 0 . 8  g ,  but the LLL management chose not to 
accept their advice,  perhaps because it would be more difficul t ,  but safer to 
modify to that level. Because the Livermore Valley and the lab site were create<l 
by tectonic forces related to the San Andreas and Calaveras fault zones, i t  is 
necessary to realize that the Livermore labs are located in one o f  the most 
seismicly active regions of the world. The geologic history of the region i s  
appropriately detailed in Appendix 2 A and the information there should be taken 
more seriously by the DOE. When the AEC originally chose the site in 1951, there 
was little or no seismic evaluation performed. I t  was j us t  a location convenient l y  
near the Radiation labs i n  Berkeley where many nuclear physicists were available 
to work as researchers in AEC programs . I t  was not unti.l 1974 that a thorough 
seism�c report was completed and by then, most of the buildings had been in 
operation for many years and it was difficult to change the structurul design�. 
However the environmental impact potential of earthquake damages requires that 
all o f  the structures, systems and components at LLL and SLL be reevaluated for 
ground motions bet�een a 0 . 8  g and a 1 . 0  g .  A new DEIS needs to be done using 
these values as input in structural analyses .  For this review, the DOE should 
hire consultants from independent structural engineering f i rms who do not have 
a bias or a conflict o f  interest that would create predetermined outcomes . 
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Enclosed are additional pages of comments on the Livermore DEIS which 
were writ ten about the original version (virtually a verbatim copy of the 
current one) which was published by l.LL in Octobe r ,  1976 . We believe that 
these comments are still valid and appropriat e .  Therefore we submit them 
to the DOE staff along with the preceeding updated comments . 

Also included are some Geological and Seismic Interpretations of the 
hazards existing in the Livermore Valley region which were submitted as 
part of our research on the Vallecitos Nuclear Cent e r .  

Also included are various c l ippings, report s ,  and reproductions that 
were referred to in the text of the comment s .  
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It is significant to note that there are many different kinds of buildinqs, 

labs, and facilities at LLL that could be damaged by earthquakes. Most of these 

were built years before the existence and locations of the nearby earthquake faults 

were known. and now, with the new information, some upgrading and modifications are 

being undertaken but are not completed. One p�oblem with this process is that because 

the property legally belongs to the federal government , the II.EC and ERDA have tradi-
. 

tionally maintained federal preemption over state, local, and regional !Overnment 

agencies concerning inspections of the facilities at LLL. Thus , the state and county 

building code inspectors and structural engineers investigating earthquake resistance 

standards have never been allowed onto the property for investigations to satisfy the 

state and county standarrls , This is a serious mistake that should be corrected. 

The University of Cali fornia should demand that ERDA (now the DOE) allow the state 

and county inspectors to enter the premises to conduct structura l engineering analyses 

on all the facilities at LLL, The health and safety of the people of California 

are at stake, because of the serious potential for radiaactive contamination. 

There are many critical components at LLL that could be damaged in a quake which 

would result in the release o f  radioactive liquids, gases, and solids into the local 

envil!Onment, Several buildings contain hot cells, glove boxes , pipes, filter systems , 

and retention tanks that are particularly susceptible to earthquake damage and are 

extremely difficult to make earthquake proo f ,  The DEIS recoqnizes that some o f  the 

buildings still need "Funding requested to upgrade ventilation and exhaust systems , 

and (funding ) to incorporate structural modifications to improve seismic resistance . "  

Several buildings at LLL are involved in the processing, handling, and storing 

ot all levels of radioactive wastes . These buildings often have laX'9e quantities of 

highly dangerous materials in containers that are not earthquake proof .  Especially 

vulnerable are the liquid radioactive wastes when they are being transported in tanks 

and when they are being processed , The DEIS says that , in Building 514, the Radioactive 

Liquid Waste Treatment Plant, "EquiP'ftent failures, could release untreated , highly 

radioactive wastes into the Livermore sewage system, 
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Another accident analysis in the IHnS postulated a tritium gas release 

of 1 ,200 , 000 cur.ies cnused by the rupture o'f one pressure vessel . The 

analysis does not con� ider the rupture o f  more than one vessel at a time. 

The pos tul;i U!d triU1 1111 rele::ise would be from Building 331. 

Another post11J.:itPd ;Jccident in the DEIS takes place in Build ing 332,  

the Metallur.gica.L Chc111.istry Bui.lding wht.'re plutonium i s  handled in s igni fi-

cant quantit i.cs . Tl1.1 t acc iJen t could release 250 ,000 curies o f  fission 

products , in·� l11ding 'JOO curies o f  rndio<lctive iodine gases that can produce 

thyroid canc.:t�rs. The Dl�IS does not discuss the evacuations that would b e  neces-· 

sary if iodl1 1e g;rn w;is released . The snme accident could release over 1000 curies 

of xenon that decays i nto cesium which c:in contaminate the food chain for 1000 years . 

In these postul.::itcd acciden t s ,  tlw cause is usually fire , human error o r  

explosions . The DE1S 1h>es not consider the c11mulative effects o f  an earthquake 

st::veral buildings at once or that damaged several glove boxes , hot 

ceJ.ls , filter l!lystt>ms •llld other cor:iponents all at the same time. The DEIS also 

assumes th;it the f i l t t.' r syst£1ms wi.11 al.ways work well enought to filter out 

95 per cent of the radioactive materials before release to the environment .  

These ossumpticns m::ike the DEIS tnadequnte, incomplete and misleading. 

Ra<lioact"lve \.1.1stes originate in 25 buildings at LLL within over 100 dif

ferent operations. Five b u ildings that produce the bulk of the wastes are the 

Pool Type Reac tor ,  tlie 100 MeV Linear Acl:elerator, the Heavy Element Chemistry 

Building 2 5 1 .  the �l<.>to.1 1 1.urgical Chemistry Building 332 , and the Light Isotope 

Chemistry �uilding 331.  Some o f  these have h o t  cells and glove boxes that are 

vulner01ble to t�artliciu�1 kr: damage s .  I f  the fi.lt:ex systems are da:nn'!�d i n  a quake , 

seriou5 contaml1rntinn o f the surrounding areas could occur. If the wind was 

blowing towards the e::i::;t or northeas t ,  <is is typical during the dry summer 

season , then tlw fert ile agr.i.cultu1·al lands of the San Joaquin Valley would be 

seriously c:on t:imitw t�cl au<l the nation ' s  food supply would be endangered . 

10-59 

that dama ged





ENVIRONMENTAL IMPACT ANALYSIS OF OPERATIONS BY THE 

NUCLEAR WEAPONS LABORATORIES AT LIVERMORE 

BY' GLENN BARLOW I 

The enviromental impactsof the nuclear weapons labs 

extend far beyond the boundaries of the labs themselves. Scientists employed by Lll 
the University of California have conducted over 600 nuclear weapons tests since the 

Hiroshima and Naqasaki explosions. over 100 of these tests were in the South Pacific 

and the other 500 nuclear weapons were exploded in the continental United States. 

Since the Limited Test Ban Treaty of 1963, all of these tests have been underground , 

but before that treaty 84 atmospheric tests were conducted at the Nevada Test Site, 

fifty miles from the California border . R.adi6active fallout from those tests ha� 

contaminated a laI'9e area in Nevada with plutoniuin and other sources of radiation. 

Thyroid tumors have been discovered in children in Nevada and Utah where clouds of 

radioactivity passed over camun.ities . The plutonium contamination of soils in Nevada 

I s  e""���""e-� L 
could last for hundreds of thousands of years. 

The radioactive fallout from the 1 00 atmospheric tests in the South Pacific 

resulted in contamination of the entire planet earth with lon<]-lastinq sources of 

radiation such as strontilllft-90 and cesium-137 which enter the food chain and deposit 

in hUlftan bones and t1s8Ues vhere they can produce cancers and leukemia . 

Unfortunately, the nuclear weapons labs did not beqin to study the 

effects of fallout until after the Test Ban Treaty of 196 3 .  I n  1963, the Lawrence 

Radiation Laboratory established its Biomedical Division to study the health effects 

of nuclear weapons development. The chief of that Division from 1963 to 1969 was 

Dr, John Gofman, who in 1969 reported to Con<]ress and the Atomic Energy Commi ssion 
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that previously established radiation standards were inadequate to protect public 

health , and that the health effects of nuclear weapons development were more serious 

thata previously believed. or. Gofman lost his job at Livermore Lab because of his 

reports , Recently , Dr, Gotman has published a report that indicates that over a 

million people in the northern henlisphere will die of cancers produced by fallout 

fI'Clll atmospheric tests, and that plutonium is much more carcinogenic than what the 

laboratories have been assunrl.nq for many years. Since the cancers produced by 

exposure to plutonium do not show up until thirty to forty years after exposure, 

and since most of the plutonium involved in the nuclear weapons labs work has been 

produced in the past 25 years, the major health impects may begin to appear in the 

next 5 to 15 years, A question that we all should ask is, who should be held 

responsible for the cancers and deaths that are results of nuclear tests? 

I Regents of the University responsible? Are the lab employees responsible? 

Should the world ' s  citizens conduct Nuremburq--type trials of the 

to punish them for killinq so many people? 

Are the 

Or f'h (.  00c ?  
employees 

And if there ever is a nuclear war in the future , would the University of California 

be held responeib6e for developinq the bolabe that caused the death and destruction? 

The 400 underground nuclear weapons tests that the has conducted in the 

U , S ,  raise another problem that is of special interest to citizens of California. 

Accordinq to a report pz:�ed . .by. . .  the �cn�o t.ivermore Lab and published by the AEC 

in April, 1969, "there is concern on the part of some earthquake experts that • • •  serious 

earthquakes might be induced by 1 larger yield nuclear tests. This is an area in which 

further study is necessary." 

Another Lab report explains that "When the Boxcar event (with a yield of 1 . 2  

megatons) ,  conducted in April ,  1968, resulted i n  thousands o f  small aftershocks 

(ensuing earth tremors) , , .  great scientific interest was created and an ad hoc panel 

of seismic consultants to the Nevada Operations Office was recruited among the foremost 

seismologists of the u , s .  Boxcar was the first u . s .  test designed for a 

megaton yield or more , "  10-64 
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Because of the L.iaited Test Ban Treaty , agreed to by Nixon and Breshnev in 1974, 

and siqned by Ford and BreshrleY at Vladivostok that same year , all underg.ound nuclear 

t.Mta were to be liaited to 150 kilotons ater March 20, 1976. Because of this 

i'l(>eD!'fncJ Uaitation, both countries increaeed the size and frequency of underground 

explo.iom up to the deadline. OUring the ten months between May 1975 and March 17, 

1976, the u. S, c::onducted twelve megaton range ( a  megaton is equivalent to one million 

toft8 ot TNT) nuclear weapons test and sis smaller ones at the Nevada Test Site. 

Thus the admiaistrators of the University ' s  nuclear weapons labs ignored the advice 

ot the Panel of foremost seismologists who wrote a report published by the 

Office of �cience and Technology , Executive Office of the President, 

on November 27, 1968, entitled "Report of the Ad Hoc Panel on the Safety of 

t1nderqround Testin<J" ,  That report was reprinted in a September, 1969 publication 

by the Atclldc Energy COlllldssion (AEC) entitled "Underground Kuclear Testing " .  

Con.aider the followinq quetations from that report: "The Panel is seriously 

concerned with the probl• of earthquakes resulting f� large-yield nuclear 

t .. ts , , ,new and siqnificant eYideaca demonstrates that small earthquakes do actually 

occur both izn1cliately after a large-yield test explosion and in the following weeks • • .  

a 1�• test explosion ai9ht induce, either inaediately or after a periocl of time, 

a aeYere earthquake of sufficiently large llWlgnitude to cause serious damage well 

beyond the liaita of the teat site • • •  consideration should also be given to the 

possibility of establiahin<J a new test site in a non-seismic area • • •  The hazard 

connected with the triggering of earthquakes is a more serious question because 

of the potf!ntiality of releasin<J tectonic energy comparable to, or very much larger 

than, the ene%'9Y of the (nuclear) explosion itself • • •  We are now dealing with 

underground explosions with equivalent earthquake magnitudes in the range 6 to 7 ,  • •  

We also know that seismic events in the magnitude range 6 to 7 have been associated 

in the past as toreshocks to large earthquakes or as components of large earthqu�kes . 
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In view of these observations, a risk m�st be associated with conductinq large

yield tests in seismic regions, • • There i� no question that the larger nuclear 

e.xplosions in Nevada have actually triggered small earthquakes • • •  " 

The Nevada Test Site is in a moderately active earthquake zone thut joins the 

Circum-Pacific Seismic Belt which passes through California, and includes the San 

Andreas Fault System, This belt of fault systems surroundinq the Pacific Occ<m is 

responsible for about 80\ of the world ' s  earthquakes. 

During the megaton range weapons tests , in February ,  1976, a m<tjor earthquake 

(measuring 7 , 5  on the Richter scale) with nearly a hundred aftershocks tremors, 

struck Central America, inflicting severe damage upon Guatamala, Honduras, and El 

Salvador. Latin American newspapers accused the u . s .  military of causing the 

disastrous quake by exploding enermous nuclear weapons underground in Nevada . The 

same reports said that nuclear tests were also responsible for other earthquakes in 

Mexico and Costa Rica. It is also possible that the San Fernando Quake in Los l\ngcles 

in 1971 , (measuring 6 . 6  on the Richter scale) could bave been stimulated by nuclear 

weapons tests 300 miles away at the Nevada Test Site. All of the above locations 

are in the Circum-Pacific Seismic Belt and earthquake waves can travel deep beneath 

the surface, causing tremors long distances away from the epicenter. 

The nuclear tests in Nevada are carried out under the d i rnction of the University 

of California ' s  Laboratories . Can the University be held responsible for the damages 

caused by underground nuclear tests: 

The Limited Test Ban Treaty of 1974 has not been ratified by the U . S .  Senate. 

During hearings of the Senate Foreign Relations Connnittee on September 8 ,  1977, 

concerning ratification of the Treaty, the Directors of the University of Calif�rnia ' s  

Laboratories at Livermore and Los hlamos, testified against ratification of the treaties 

because the Labs want to continue to tes.t megaton-range bombs in Nevada , regardless of 

the hazard of stimulating more earthquakes. Why does the University of California not 

require its employees to present both sides of an issue when they lobby Congress? 
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December 19, 1978 

Mr. W. H. Pennington : 

Enclosed you will find additional documents, reports, clippings , and 
other materials that are referred to in the main text of Friends of the 
Earth ' s  connnents on the Livermore Site DEIS. The main text was sent 
postal express so as to arrive on or before the deadline for connnents. 
These appendices and addenda are being sent under separate cover. 
please attach them to the main set of commenhs. 

Thank you 

ffe �·V'\.-,_ 1!>.: .._ . ..._Q.-''"LJ 
Glenn Barlow 
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FURTHER DOCUMENTATION OF EARTHQUAKE HAZARDS TO THE 

VALLECITOS NUCLEAR CENTER PLUTONIUM LABS FOR THE 

DECEMBER 1 4 ,  1 978,  REQUEST FOR ACTION TO THE NRC 

PREPARED BY GLENN BARLOW 

GEOLOGY AND SEISMOLOGY 

I n  the course of the Va l l ec i tos GETR reactor Show Cause Proceedi ngs 

( Docket No . 50-70 ) ,  the NRC Staff publ i shed a Prel imi nary Safety Evaluation 

Report Input ( PSER-GETR) ,  prepared by the Geosciences Branch of  the Staff on 

the geologic  and seismic  hazards to the s i te .  Al though the PSER-GETR was dated 

A�gust 1 7 ,  1 97 8 ,  i t  was not �el eased to I n tervenors unti l  early October, 1 978.  

In the PSER-GETR, the NRC Geosci ences Branch makes the fol lowing statements:  

"The sei smic design hazards for the GETR s i te i nc l ude vi bratory ground motion, 
fau l t  offset at the surface beneath the un it  and vi bratory ground motion combined 
with surface offset caused by postu l a ted movement on the Verona �aul t .  The l i censee (GE) has provided an  eval uation of these design hazards in reports by EOAC ( 1 976,  
1 9 7 7 )  and has  provided addi tional supporting di scussion in  a report by Earth Sciences 
Associates (ESA , 1 978d ) .  The s taff has rev i ewed these reports and has taken account 
of the analyses and conc l usions contained i n  them i n  the preparation of this  test i -
1:iony . This testimony i s  concerned w i th an  eva l uation of the nature and magnitude of 
the hazards of fau l t i ng and ground motion at the s i te . . .  The GETR s i te i s  l ocated 
in a complex  fau l t  envi ronment 2 . 3  k i l ometers east of the Cal averas fau l t ,  di rectly 
over the projected surface trace of the postulated Verona faul t ,  and with i n  3 k i lo
meters of the Las Pos i tas faul t . . .  Maximum earthquakes for these faults woul d  have 
magni tudes of 7 to 7 �. 6 to 6 �. and 6 to 6�, respecti vely . . .  the proposed Verona 
faul t can be presumed to exist  beyond the bounds of the area mapped by Herd and to 
merge w i t h  the Cal averas faul t  . . .  i t  must be presumed that the Verona faul t i s  
structura l l y  connected to l a rger faul ts , and that a major portion and pos s i b l y  a l l  
o f  the 1 2  k i l ometers l ength cou ld  rupture during a single earthquake .  I t  is  our 
concl usion , therefore , that the San Fernando earthquake of 1 971  could be considered 
as an earthquake simi l ar i n  s i ze to a potential  event on the proposed Verona faul t . "  
(Sei smology section)  

The section of the PSER-GETR enti t l ed 1'Current Staff Pos i t i on'1 says : 
11Geologic  data are i nd i cative of a fau l t  ( the Verona fau l t )  pa s s i ng through the 
GETR s i t e ,  and this  fau l t  should  be assumed to exi st . . .  The Verona fau l t  shou ld  
be  assumed to be capable  w ith in  the mean ing of  Appendix A to 1 0  CFR  Part 1 0 0  and ,  
therefore, to pose a potentia l  for surface faul t i ng near or  beneath the reactor 
s i te . . .  2 . 5  meter':> of net s l i p  a t  the surface resul t i ng from reverse-obl i que 
movement al ong a fau l t  pl ane which cou l d  vary i n  d ip  angle from 1 0  to 60 degrees 
provides a reasonably conservative description of surface s l i p  on the postu l ated 
Verona fau l t  during a s i ngle  event . . .  
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"Maximum vi bratory ground motion at  the GETR s i te would res u l t  from a magnitude 
7 to 7 !1  earthquake centered on the sector of the Cal averas faul t nearest the s i te .  
Acceleration peaks a t  the free-fi e l d  surface could be s l i ghtly i n  excess of 1 . 0 g . . .  
The hori zontal vi bratory ground motion a t  the GETR s i te resul t i ng from an earthquake 
of magni tude 6 to 6 � on the Verona fa u l t  could contain accel eration peaks as h i gh 
as 1 . 0 g . "  

The fol l owing quotes are from the section enti t l ed "Geology " :  

"The GETR s i te i s  l ocated i n  a h i ghly  active tecton i c  envi ronment ( Bo l t  and others , 
1 9 7 7 ;  Lee and others , 1 971 ) . . .  w ith in  the L i vermore sync l i ne and the central p� ·t 
of the Coast Ranges structural l y  related to the San Andreas fau l t  system, a trans
"orin fau l t  whi c h  forms a major sector of the boundary between the North American 
and Pac i f i c  l i thospher i c  plates . . .  (Anderson , 1 971 ) . . .  We consider the Li vermore 
syncl i ne and the major structural el ements therei n ,  i ncl udi ng faul ts , to owe their  
exis tence to movement across the Cal averas fau l t .  The fau l ts s i gni ficant to our 
review which we consider genetica l l y  related to the Cal averas are the Las Pos i tas 
fau l t  . . .  and the Verona fau l t  which as i n terpreted is a low ang l e  thrust within  
the southern flank of the sync l i n e . "  

"The exi s tence o f  a l ands l i de near the s i te does not i n  any way precl ude the exi 
stence of faul t i ng there. As di scussed bel ow ,  evi dence for faul t i ng exi sts i n  
areas away from the l ands l i de are.  I n  fact , l ands l i d i ng often results  from over
steepening of s l opes due to fau l t  movement and seismic shaki ng . . .  

( l )  . . .  Areas to the northwest of the GETR show, both i n  the f ie ld  and on aerial 
photographs , �he presence o f  geologic features which are indicative of the exi
stence of fau l t i n g .  Steeply d i pp ing  L i vermore gravel beds are truncated a l ong 
a l i near to curv i l i near topographi c  escarpment .  Along the base o f  th is  
escarpment are a number o f  seeps and spri ngs . 
( 2 )To the southeast of the GETR the geologic log of the La Costa tunnel (Cal i forn i a  
Department of Water Resources, 1 966) suagests low ang l e  faul t i ng and fol d i ng in  an 
area through whi c h  the pos tul a ted Verona fau l t  would pass i f  projected eastward . . .  
( 3 ) The rel a tionship between the Verona fau l t  and the Las Positas fau l t  has not been 
i nves t i gated and the area of the Wi l l i am ' s  fau l t  ( Hal l ,  1 958) -La Costa tunnel i nter
section has not been i nvestigated sufficiently . . .  
AREAS OF INTERSECTION OR MERG ING OF FAULTS CAN BE  I N  A TRANS I T IONAL STRESS STATE 
WHICH USUALLY LEADS TO THE DEVELOPMENT OF FAULT PATTERNS WHICH ARE GEOLOGICALLY 
COMPLEX SUCH AS EN ECHELON FAULTS RATHER THAN A S I NGLE PLANAR FAULT SURFACE .  SUCH 
COMPLEX PATTERNS ARE D I FFICULT TO INTERPRET WITHOUT EXTENSIVE  F I ELD INVESTIGATIONS . 
(Empha s i s  added) 
(4 )A prominent south-facing scarp and topographic break does exi s t  i n  the s i te area . 
( S ) E x i s ti ng geologic maps and texts of V ickery ( 1 925 ) , Ha l l  ( 1 958 ) ,  Pri nce ( 1 957 ) ,  
URS/Bl ume Assoc i a tes ( 1 9 73) and more recently Herd ( 1 97 7 )  support the exi stence o f  
the Verona fau l t  and other fau l t s  i n  the GETR s i t e  area and v i c i n i ty .  I n  add i ti o n ,  
to the northwest o f  the GETR s i te and a l ong the general northwesterly projection of 
the Verona fau l t  is the northwest trending Pleasanton faul t which is i dent i f i ed as 
a potent i a l l y  acti ve fault on the Cal i forn i a  Divi s ion of Mines and Geology Spec i a l  
Studies Zones Map, Dubl i n  Quadrangle  ( S l osson,  1 974 ) . Several authors (Burkland, 
1 9 7 5 ;  Judd Ha l l  Associ ates , 1 9 7 7 ;  Carpenter, 1 97 7 ) have ass i gned various l ocations to 
Pl easanton faul t .  At the present t ime ,  i t  i s  reasonable  to conclude that the Pleasan· 
ton faul t i s  a pos s i b l e  continuation of the Verona faul t .  
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( 6 )  Recent sei smological  studies of  earthquake faul t pl ane sol utions i r.dicate 
that the L i vermore Val l ey region i s  in northeast-south\-1est compression ( S i m i l a  
and Somerv i l l e ,  1 978 ) and not extension a s  argued by the l i censee (GE-EDAC, 1 973 ) . 
Moreover ,  t h i s  i ndi rect observation of the stress di rection i s  con s i s tent w i t h  the 
h i ghly  act i ve regional tectonic framework.  Northeast-southwest compress ion would 
support development of, · and continued movement a l ong , a northeas t-dipping thrust 
fau l t  such as the Verona . ( 8 )  . . . The more recent geologic mapping provided by GE conta i ns substanti a l ly 
more geologic  structures than the earl ier  vers i ons , i nd i c a t i ng more post-Li vermore 
tectonic  deforma tion than would have been ascerta i ned from GE ' s  earl i e r  mappi n g .  
( 9 )  Photo l i nears and the cause o f  seeps and ponds to the south o f  and i n  cl ose 
proximity to the GETR s i te area have not been trenched or expl a i ned .  In tecto n i c 
a l l y  act ive areas photo l i nears are often due to groundwater barriers or d i fferen
t i a 1 erosion due to the presence of a fau 1 t . "  

FRI ENDS OF THE EARTH ' S  COMMENTS AND ANALYSIS  

Al though the NRC ' s  PSER-GETR report presents i nteres t i ng i n forma tion , i t  

i s  i ncompl ete i n  analyzing the complex tectonic  setti ng o f  the Val l eci tos Val l ey 

and the surrounding fau l t  systems . Several fau l t s  that may i ntersect w i th the 

Verona faul t are not analyzed . A l l  of these fau l t s  seem to i ntersect w i t h  or 

para l l e l  the Cal averas faul t  and pos s i bly i ntersect w i th the Las Pos i tas fdul t .  

These faul ts  i ncl ude the Pleasanton faul t ,  the l�i l l i ams faul t ,  the Magu i re Peaks 

faul t ,  and other para l l e l  branches of the Cal averas fau l t .  A l s o  not analyzed by 

tne NRC are the sequence of  i nteractions during an earthquake on the Verona , Las 

Pos i ta s ,  and Cal averas fau l t s  in terms of ground motions and durat ions , and pos

s i bl e  surface ruptures , and how these would affect the operating pl uton i um l a b s .  

A l l  o f  the above mentioned fau l t s  could be branches o r  subs idi aries o f  the powe1·

ful Cal averas fau l t  which i s  a branch of the San Andrea s .  I f  any of these faul ts 
experienced sei smic acti v i ty simul taneously w i th the Cal avera s ,  what would be the 

effects on the reactors and l abs at  Val l e c i tos? The NRC seems to have forgotten a 

memo from one of i ts geophys i c i sts i n  the Geosciences Branch concerning the t iming  

of earthquakes on  the Cal averas . In  h is  memo to Carl Step p ,  John Kel l eher str.te s :  

"The Cal averas fau l t  zone i s  a capab1e fau l t  w ithin  the meaning o f  Appendix A to 
10  CFR Part 1 00 and , at  i ts c l osest poi n t ,  i s  w i th i n  one or two mi l es of the GETR 
s i te .  I t  i s  reasonabl e ,  i n  my o�i n i o n ,  to assume that a n  earthquake o f  magnitude 
about 7 . 0 to 7 . 5  cou l d  occur at  any time on t h i s  fau l t  and at  any l ocation a l ong the 
fau l t .  Such an earthquake, therefore, could occur a t  time w i t h i n  one or two mi l es 
of the plant s i te .  The resul t i ng motion generated at the p lant  s i te by the 
postulated earthquake would a l mo s t  certainly be severe and accelerations 
would be the observations to date . (emphas i s  · r t  i s  un l i ke l y  that exten s i ve future investi gations wi l l  modify th is  assessment i n  
any signi ficant manne r . "  
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That i n ternal NRC Staff memo was wri tten i n  l a te October, 1 9 7 7 ,  and now i n  

December,  1 978,  the pl utonium l abs a t  Va l l eci tos are s ti l l  i n  Jperation , 

even though the NRC PSER-GETR admits that the Calaveras could cause i n  excess o f  a 

one g at the s i te ,  and GE ' s  structural analys i s  i nd i cates that a one g could tota l l y  

des troy the pl utoni um l abs . Th is  s i tuation i l l ustrates the r i s k s  that the NRC i s  

w i l l i ng to take wi th publ i c  hea l th and safety. 

Actua l l y  i t  i s  pos s i bl e  that an earthquake on e i ther the Verona or the C a l a 

veras faults could eas i l y  exceed one g .  Calculations by a sei smologist  from Scr i pps 

Insti tute of Geophys ics and Pl anetary Phys i c s  ( J . N .  Brune , ,Journal of Geophys i cal  

Research, 1970,  1978)  and by Y .  Ida (Bul let in  of Sei smolog i cal Soc i e ty o f  Amer i ca , 

1 973 )  indicate that peak acceleration near a surface rupture can eas i l y  exceed one 

g .  Al so ,  f ie ld  evi dence from near-epicenter damage studies (N . N .  Ambraseys , 1 969;  

C . F . R i chter, 1958)  i nd i cates that accelerations greater 

than one g have al ready been experienced. Furthermore , accordi n g  to L . H . Wi gh t ,  

there are "data , calculations.  a n d  observations (vJhi ch ) clearly i nd i cate that 

accel erations approaching one g are poss i b l e  i n  near-epicentral regions for earth

quakes of a l l  magn i tude s .  

The NRC ' s  PSER-GETR says that the Verona fau l t  could experience an  earthquake 

s i m i l a r  i n  s i ze to the San Fernando quake pf 1 971 . That quake changed the entire 

set of s e i smological theories on rel ations h i ps between R i chter magni tudes and ground 

acceleration potenti al . That quake was the first time i n  h i s tory that accurate 

near- field  ground acceleration data was col l ected. Based on previous records ,  the 

maximum ground acceleration pos s i b l e  at San Fernando i n  1 971  woul d  have been pre

dicted to be 0 . 1  g to 0 . 3  g .  Instead, the 1 971  quake,  measuring 6 . 6  magnitude, 

caused various ground acceleration measurements i n  excess of one g i nc l ud i n g  the 

Pacoima Dam record of 1 . 25 g ,  recorded a t  a d i s tance of 4 . 4  k i l ometers from the 

epicenter. The Val l ec i tos pl utonium l abs are l es s  than l k i l ometer from the Verona 

fau l t ,  and less than 3 k i l ometers from the Las Pos i tas faul t ,  e i ther of which cou l d  

cause a 6 . 5  magni tude quake. Thus , i t  i s  poss i b l e  that e i ther o f  those fau l ts cou l d  

cause accelerations a t  Val l ec i tos i n  excess of 1 g .  

The Cal averas fault  can cause a 7 . 5  n�gni tude quake w i th a n  epi center one or 

two n1i l es from the pl utonium l abs . The way the Richter scale i s  measured , a quake of 

magni tude 7 . 5  could release more than thi rty times more destructive energy than a 

quake of magni tude 6 . 5 .  Thu s ,  i t  i s  very poss i b l e  that a Ca laveras quake with i ts 

epi center near Va l l eci tos could cause severe ground accelerations i n  excess of 2 9 .  
Another relevant quote from the NRC PSER -GETR wi l l  help to expl a i n  thi s :  
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" Numerous comp l ex i t i es are i nvol ved i n  estimating earthquake ground motions at a 
s i t e .  At d i s tances greater than about 20 k i l ometers from the earthquake source, a 
fa i rl y  l arge set of observational data exi sts . At di stances closer to the source , 
however,  the observational data set i s  rel a ti vely sma l l .  There i s , i n  fact, a 
vi rtual absence of records of strong ground motion for locations close to l arge 
earthquake sources . Any estimate of free-fie ld  ground motion a t  the GETR s i te 
must, therefore, be considered an extrapolation of data rather than supported by 
di rect observati ons.  S i mp l e  source theory i nd i cates that peak acceleration near 
the causative fau l t  may be proportional to the stress condi tions and roc k - phys i cal 
properties at the source, possib ly  i ndependent of earthquake magn i tude ( see for 
examp l e ,  Brune, 1 970 ) .  L imited observational data tend to support these theoreti 
cal results (Hanks and Johnson, 1 976) . "  

Fol l owing the above statement i n  the PSER-GETR, the NRC Staff sta ted tha t :  

"Duration of mot ion,  i ncl uding duration of h i gh peaks i s ,  however, a function of 
earthquake magnitude or source s i ze . . .  based on the avai l a b l e  data by Page and 
others ( 1 972)  . . .  peak horizontal near-source acceleration for a magn i tude 7 to 7 12 
earthquake could exceed l g and that the total duration of strong motion cou l d  be 
between 25 and 40 seconds . "  

Apparently,  the NRC may have underestimated the duration,  based on recent 

data from the November 29,  1978 earthquake i n  Mexico where a quake with i ts e p i 

center offshore some 400 mi les  from Mexico C i ty ,  had a duration o f  two minutes 

and 53 second s ,  wi th a 7 . 8  magnitude quake. That quake was fol l owed by five more 

strong aftershocks within  twenty four hours . Al though that quake had i ts epi center 

about 400 m i � es from Mexico C i ty ,  the structural damages i n  that c i ty were l arge . 

Th is  i nd i cates that the Val l ec i tos s i te should be reeval uated for damages from 
quakes on the San Andreas fau l t  system. The November 29 quake and 
aftershocks were fol lowed on December 7 by another major quake of magnitude 6 to 7 

w i th two l a rge aftershocks , that shook 3 Latin American countri es . And then on 

December 1 0 ,  1 978,  another qua�� wi th a 5 . 9  magnitude shook the Acapulco area . 

That quake cou l d  have been an aftershock of the November 29th quake . 

These quakes i l l ustrate the problems that wou l d  be experi enced at the Va l l eci tos 

p l utonium l abs i f  a major quake and associated aftershocks damaged the l abs , sp i l l ed 

p l uton i um ,  and l eft radioactive n�ter i a l s  exposed to resuspension from aftershock s .  

Another consideration that the NRC Staff has fai l ed to analyze i s  the fact 

that the Calaveras fau l t  zone near Val l eci tos i s  a sei smic gap which i s  defi ned a s  

any region a l ong an active p l a te boundary that has not experi enced a l arge thrust 

or strike s l i p  earthquake for more than 30 years . A sei smi c gap has the potentia l  

to produce a l arge earthquake in  the near future. Th is  i s  especi a l l y  relevant now 

because the earthquake i n  Mexico l ast  month was predicted by geologists because 

the area was in a state of seismic gap .  When wi l l  the next b i g  quake strike the 

Cal averas fau l t  zone? 
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The NRC PSER�GETR (Augu c t ,  1 978)  fa i l ed to analyze i n  detai l  the pos s i 

bi l i ty o f  a n  en echelon ser ies o f  branch faults i n  the L i vermore and Va l l ec i tos 

Val l eys . En erhelon fau l ts are very common i n  northern Cal i fornia because of 

l ateral stresses . I f  three mai n  fau l t s  are located near each other ( such as the 

Verona , Las Pos i ta s ,  and Calaveras) then there wi l l  l i kely be branches , spurs , or 

paral l e l  offshoots between them. I t  i s  probable  that several new faul ts w i l l  

be di scovered i f  more trenching i s  done i n  the Va l l ec i tos Val l ey .  

When d i scus s i ng potentia l  earthquakes on postu l a ted fau l t s ,  i t  i s  essen-

t i a l  to understand that fau l t s  are not l i mi ted to narrow l i nes on a map , but are 

found i n  zones that range from 1 00 feet wide to several mi l es wide .  Severe ground 

motions can occur several mi l e s  from the ma i n  fa u l t  trace, because the actual ground 

motion origi nates deep within  the earth, not on the surface. The Calaveras and i ts 

branches are part of the San Andreas fau l t  system, which i s  experiencing enormous 

tectonic  stress . According to the p late tectonics theory , the San Andreas i s  a 

�rans form fau l t  that i s  the d i v i ding l i ne between the North American p l a te and the 

Pac i f i c  p late ,  and these two pl ates are s l i d i ng past each other i n  a r i ght l a teral 

stri ke sl i p  motion . The San Andreas has had two major quakes i n  the past 1 2 0  years 

that each ca.used surface ruptures al ong 320 k i l ometers of the faul t ,  w i th offsets 

measuring in many meters . The horizontal d i sp lacement a l ong that fau l t  system has 
been over 500 k i l ometers s i nce Jurass ic  t ime (CDMG, 1 966 ) .  Some of the stress i s  

transferred to the Cal averas branch which i s  1 20 mi l e s  long . Hal l  ( 1 958)  estimated 

a vertical d i spl acement of at l east 2 , 000 feet on the Cal averas fau l t  zone and a 

right l ateral hori zontal d i spl acement of at l east 3 mi l e s .  The Calaveras has had 

several major earthquakes i n  h i s toric times ; espec i a l l y  notable are the quakes on 

June 1 0 ,  1 836 ( I ntensity IX to X ) ;  July 3 ,  1 861 ( I ntensity I X ) ; May 1 9 ,  1889 , 

( I ntensity V I I I ) ;  June 20,  1897 ( I ntensi ty I X ) ;  March 30, 1 898 ( V I I I ) ,  and June 1 1 ,  

1 903 ( V I I I ) .  Many hi storic quakes of sma l l er magni tudes or l e s s  i ntens i ty have 

been recorded i n  the L i vermore and Va l l eci tos Val l eys ( see epi centers maps in the 

report by Darre l l  Herd, USGS Open-fi l e  report 77-689 ) .  Some of those epi centers 

�eemed to have been l ocated on the Verona faul t ,  espec i a l l y  duri ng the swarm of 

qua�es i n  1 94 3 .  Other epi centers were on the Las Pos i tas fau l t  zone . 

It  i s  important to remember that i n  the San Andreas fau l t  system, surface 

ruptures usua l l y  occur di scontinuously across en echelon fau l t s .  Local stress 

concentrations can cause a newly created en echelon faul t  to appear ( usual l y  

paral l e l  to a known faul t zone) and to form a subs i d i ary faul t .  The tectonic 

stresses i n  the San Francisco Bay Area are part i cularly  conducive to thi s type of 
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branching .  Two branches of the San Andrea s ,  the Hayward and the Calavera s ,  are 

among the longest fau l ts i n  the state,  and they each have subs i d i ary branches . 

B l ock faul t ing between and besi de the Hayward anq Cal averas fau l ts have created 

the Sunol Ridge (w ith in  s i ght  of the Val l ec i tos p l utonium labs )  and the L i vermore 

Va l l ey .  The Val l ec i tos and Li vermore Va l l eys are l ocated adjacent to the O i ablo  

Ant i fonn and the  Coastal Range Thrust fau l t  system which i s  para l l el to the San 

Andreas system. The Oiablo Anti form i s  d i ssected by many active fau l ts and i s  

s e i smic ly  acti ve. L i tera l l y  hundreds of earthquakes wi th magni tudes in the 4 to 

5 range have been recorded there i n  recent years. These fau l t  systems have been 

acti ve for mi l l ions of years and tehy wi l l  continue to be active long i nto the 

future. The Va l l ec i tos Nuclear Center was constructed in one of the most seismic ly  

active regions in  the Uni ted States . 
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Table 5.  Relation of rupture length and 
magnitude for faults surround-:-
ing the LLL site. 

Fault Rupture length Magnitude 
(km) (Richter) 

San Andreas 670 8.3 

Hayward 125 7 . 5  

Calaveras 125 7.5 

Livermore 17 6.5 

Moc ho 17 6.5 

Tesla 17 6.5 

Ramp Thrust 8 . 5  6.2 

Corral Hollow 12.5 6.4 

Doutherty 4.25 5.8 
Carnegie 12.5 6 . 4  

Patterson Pass 6 , 7 5  6 . 1  

Greenville -
Riggs Canyon 21 6 , 7  

most current and comprehensive compila

tion of data has recently been presented 

by Schnabel and Seed33; their interpreta

tion of the data is summarized in Fig. 12. 

The accelerations were recorded on rock, 

and the distance is the shortest distance 

to the fault rupture. 

In Table 6, we summarize the applica

tion of these curves to the San Andreas, 

Hayward, and Calaveras faults. Because 

the bedrock accelerations at the site are 

so similar, we will not continue to exam

ine each fault individually, but instead 

we represent earthquakes on the San 
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Table 6 ,  Relation of attenuation of peak bedrock acceleration to distance as a function 
of magnitude on three faults. 

Fault 

San Andreas 

Hayward 

Calaveras 

Magnitude 
(Richter) 

8 . 3  

7 . 5  

7 , 5  

Distance 
(km) 

58 

-12 
17 
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The taults can be conveniently grouped 
tn terms oi the i r pro:<imlty to the site: 

those in the western part oi the valiey, 

in the central part and in the eastern 

part. 

:J �I 

ln the west is the Calaveras faul t ;  

the properties and seismicity o f  this 

fault were discussed earlier. 

Crossing the center of the valley are 

the Livermore and the Mocho faults. 

' J �1 

........ ..o-.c. \ . 

,.,.,.,..,. ...oc ... T.o- ...,,u._._o 
,.,...,..,, .. oc. ... ,..o ..... �'"to-..-...,... 

''\ 
Fig. 9. (a) Faults in Bay Area. 
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?Q ') 3 ?4 
wells. - · - · - lt is the northernmost 
segment of the Tc?sla-Orttgalita fault 
system. This system, composed of 
many faults oc' 1:arying ages, runs along 
the eastern flank of the Dlablo Range from 
the L1 vermore Valley to ?anoche Valley. 1 6  

The northernmost extent of the fault is not 
known, but it certalilly crosses the 
L1 vermore Valley, and may connect with 
the Stony Creek Fault north of the Delta 
region.�. 5 

Thrust Fault 
EvLdence concerning th1s fault is sc anty, 

but conclusive. Deep "vell drilling has 
revealed displacements on this fault, and 
there L S  evidence for surface faulting 
along Lt.:; trace. 3 The fault is ce rta1nly 
active although, as far as can be deter
mined, a mtnor structure. There is no 
evidence that this fault extends under the 

. 3 Slte. 

Corral Hollow Fault 
This fault branches from the Tesla 

fault 16 km southeast of the site. lt has 
been Located by infrared imagery, by 
gravity surveys, magnetic anomalies, 

3 2 0  d e e p  drilling, and surface morphology. ' · 

F'rom the nature of the gravity survey, it 
has been concluded that the fault does not 
extend to the west beyond Greenville 
Road. It does not appear to be an active 
fault. 

Douthertv Fault 
This i s  another fault that was located 

by the comprehensive effort of J. A. 

Blume and ...\.ssociates. 3 It was Located by 
lnfrared tmagery, gravimetric and mag
netic surveys, geodetic and water table 
data, and seismic refraction experiments. 

The gravity data indicate that the block 
:'lorth of the iault is displaced upward 
relatt ve to the south block. ...\.11 evidence 
tnd1cates that the fault i3 a minor struc
ture which could be significant only Ln 
terms oi surface faulting. 

Fault 
This fault has been careiully delineated 

because oi its pro:umity to the Li\•ermore 
syncline and the oll production. Huey20 
mapped it as a high- angle thrust fault on 
the basi.s of surface morphology. lt was 
subsequently better mapped by strong 
magnetic anomalies, deep well drilling 
and gravimetric anomalies, 3 Displace
ment locally on the fault is Ln the ,;;ame 
sense as on the Doutherty. Thts may 
represent sympathetic faulting on the 
relatively minor Ooutherty fault. To the 
southeast, the fault truncates the Tesla 
fault where the motton is strike slip. 
This fault may b e  responding to the same 
tectonic stresses as the San Andreas 

1 6  system. 

Patterson Pass Fault 
This fault, which was first recognized 

by Huey, has many characteristics in 
common with the Greenville fault. The 
two faults apparently merge to the north
west, although the Patterson Pass fault 
appears more like a branch of the Tesla 
fault. 20 

Greenville- Fault 
This fault was considered by Clark 1 9  

and Vickery25 to b e  a major structural 
feature of the area. The connection 
between the Greenville fault on the south 
and the Riggs Canyon fault on the west 
flank of Mt. Diablo is not conclusive, but 
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Observing nuclear blast eight miles away, these Cl's were 
among 1104 whose reactions were oeing tested in "Opera-
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tion Smoker on Aug. 3.1,1957. Two men have contracted
leukemia, and U.S. wants to check health of all at the blast.



Figure 3 . --Epicenters of earthquakes in Livermore Valley, 1942-68 (compiled from 

University of California, Berke) �y, Bulletin of the Seismographic Stations, 

v. 12, no. 1,  1950--v. 3 8 ,  no. 2,  1970) 

e Magnitude 3 . 5  and greater First or largest shock 

• Magnitude 2 . 5  to 3 . 5  at any specific locality 

• Magnitude 1 . 5  to 2 . 5  is shown . 

All faults in map area are shown. 
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Livermore oil f i e l d  

In 1958 a s r.ia l l  producin� o i l  t 1 eld w a s  discovered (C a l i fornia Division 
Oil and Gas , 1 9 7 3 )  in the southeast corner of Livermore Valley. During 
dri� ling of the o i l  f i e l d ,  the Las Positas and Greenville fault zones �ere 
found to interse c t  there, and the precise location of the Greenvi l le-Las 
Positas fault intersect ion was established. A number of northeast-t rendinr, 
faults that lie between the Las Positas and Greenv i l l e  faults were discovered. 
The blocks north of the northcast-t rendinc faults are predoninantly 
down th ro'-'Tl . 

S EIS?!IC ITY 

Ep icenters and maenitudes of eastern Alameda County earthquakes fror.i 1 9 4 2  

t h rough 1 9 6 8  ( f i g .  3) were recorded by the University o f  C a l i f o r n i a ,  Berkeley 
Seismosraphic Station. Since 1 9 6 9 ,  the area has been aonitored by the U . S .  
Geological Survey seisr:iic network. Hicroseismicity i n  eastern Alar:icda County 
froo 1969 through 1971 recorded during the f ir s t  3 years of operation of the 
Ceolosical Survey seismic network i s  :.hown in f igure 4. Very few of the 
earthquakes have been located i ns t rur.�ntally on either the Las Positas,  
Greenville, or Verona faults. Epicenters occur near the faul t s ,  and several 
at least are astride the faul t s .  Sone earthquakes r:iay be associated vith the 
faults, but are yet mislocated as a result of the nur:ib e r  and d i s t r ib u t i o n  of 
se ismograph stations anrl t h e  constraints on our a b i l i t y  to correct for the 
com;>lexities of wave propagation in the e a r t h ' s  crust. 

A sequence of earthquakes ( f ive witl.  nacnitudes 4 . 0  o r  greater) that 
occurred in Livermore Valley between ?tarch 2 7 ,  1 9 4 3 ,  a n d  June 28, 1 9 4 3  
(table 2 )  may, however ,  have been generated b y  r:iovement along the Las Positas 
fault zone. The sequence was i n i t iated by an ea rthquake of oacnitude 2 . 8  that 
occu rred shortly before 10 p . m. o n  the evening of March 2 7 .  approximately 3. 1 
kc south of Pleasanton. The earthquake was f o l lowed 2 days later by one of 
the two s t rongest recorded ear thquakes in Liven:1ore Valley (both cia gnitude 
4 . 2 ) ,  located at the s i te of the earthquake of r!arch 27. Dur ing the next 3 
r:ionths, 1 8  additional earthquakes ranr,ing in magnitude Eron 2 . 2  to 4 . 2  'Were 
recorded in Livermore Valley. Although these ear thquakes are not well located 
(the epicenters were deterr:iined to w i t h i n  only the nearest minute of l a t i tude 
and lonl;itude ) ,  the epicenters form a northeast-t rending band p a ra l l e l  t o  and 
about S km north of the Las Pos itas f a u l t  zone ( f ig .  5 ) .  The epicenters 
extend ! ron south of Pleasanton northeastward to the east end of Livermore 
Valley, roughly approximating the e n t i r e  length of the Las Positas fault zone. 
The ep ic e nte rs could reflect sympathetic lllO tion on a series of unna p p c d  
paral lel northwest-t rending faults in Livermore Valley , but an epicenter 
patte rn wider than the na rrow one recorded would have been expected. The 
areal � roup ing of the ear thquakes and the i r  occurrence in sequence sugeests 
that t ile quakes were caused by moveme n t  along a northeast-t rendinr. fault zone 
like the Las Positas. 
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High Radioactivity 
Levels Found In Water 

By ANDREW McGALL 
Tests of groundwater and Yallecitos 

rreek water near the Yallecitos Nuclear, 
: .. actor Center have shown levels of 

o l ioactive tritium to be .. much higher 
1 ·1an previously reported. 

Apparently, the Valelcitos· Nu�lear 
Center, which monitors its own radioac· 
tive water discharges, has no way of 
telling how much tritium is. getting �nto 
downstream waters because its lest points 
arc either upstream or near the point of 
discharge. It has for years reported almost 
non-existent tritium levels. 

Tritium is a low level radioactive parti
cle which occurs naturally and in nuclear 
reactor cooling waters. It is routinely 
released into Vallccitos Creek by the Gen
eral Electric facility and. also into the 
air by Lawrence Livermore Laboratory. 

Acconllnc to Regjonal Waer QaaDty 
Control BOU'd 1taf1 mnnbu Jamee kvtne, 
hit le.ta o( V..tledtoe Creek and well 
water aear the VaUedtoe plant 1bowed 
trltJ•111 levda wblcb In one cue esceeded 
tllo level (OUDd dawutream frum • mll
taiy trltlam prodacdoa put on �·· Snaaa.a.h RJver, pc-evlonly thoaght to 
hne tbe hl&hnt level In the nation. 

The Environmental Protection Agency 
tritium standard for drinking water is 
three million picocuries per liter. Ho-:vever 
the standard for drinking water· will be 
lowered to 20,000 picocuries in July, 197'9. 

IN a Vallecitos Creek pond downstream 
from the YaJlecitos Nuclear Center cooling 
water discharge point, Levine found 
levels or 10.000 and 1 1 ,000 picocurfc�. In 
a well supplying water to a ranch in 
Yallecitos Valley, he found a level of, 
7000 picoc:uries. 

(A picocurie is an extremcley small 
amount representing approsimately 2.2 
radioactive disintegrations per minute.) 

Levine toolL the waler umplea while 
be WH ll member o( the Calltomia PubDc 
la&eieat Reeeuda Groap (CalPIRG) laat 
Deremher. The analyaJo . al tb..: ac.mpln 
w u Ii.lade by the 1ta&e health depart-

., meat and the EPA and reponed to 'r\ 
him. . ·� Levine reported his findings lo the Re- r:r-; gional Water Quality Control Board 
which, he said, then hired him to evaluate 
radiation sampling programs. -......... °" 

He said his inlitial report on the Vaill'· o 
citos sampling program is being reviewed '-. 
by water l'Oarcl engi11ecrs and may soon 
be reviewed by the board itself. . The tritium levels Ile found were con- ..J.:.. siderably higher than those reported by ..) 
Vallecilos. which routinely tests Its cool-. 
Ing water dischatges. Vallecitos' tests· 
of its own wells showed tritium levels i.J 
were so low they couldh 't be detected, a 
Yallec:ilos official reported. 

Levine cbaraed Chat Vadedtoe CesU 
weU1 whkfl are apetream Crom lta 6-
charae point and thu are not aa �i. 
me&1are al how cnacb CritJam la �Ung 
Into the -·· aroandwatu aappjy. 

Jn fact, according to Chuck Cain, Valle· 
citos' environmental quality manager, 
the cooling water tritium level is mea.sun;d 
In retention ponds before the water is 
discharged. . 

"For the fourth qu -ter of 1977, our 
di,;charge level was 1 1 ,600 picocuries per 
liter," he reported. He said thi'i was .4 °lo 
of the m:i.�imum permissable concentra· 
lion for tritium. . 

Cain was using the federal and state 
standard of th� million picocuries per 
liter .. the st.anchrd for non-drinking 
water supplies. Levine was using the �w 
drinking water standard of 20,000 PK'O; 
curies. Valelcitos Creek nows into Alameda 
Creek which is the sourcc,of Hayward's 
domestic water supply. Calo aaJd VaDecltoa U.la foQr weO., 

,three ol them ob the Vallecboe propftty 
aortherfy o( the cO.cbai-19 pofnt and oa 
uro11 the 1treet. 'lbere are no &eea 

·or V alledtoe CNek or ol Ueel 
water. 

Levine said the undergrouhd water 
nows in a soulhwesterlydi.rectlon; which 

(See RADIOACilVE, po.ae 2) 

10-83 

hacit

,4



Radioactive • • • 

icontlnae-d Crom page one) 
means that tests for tritium in nonh.oly 
wells will not reflect tritium levels. 

Cain . also· noted that the well :.cross 
the street had not been tested in the past 
year because Val!«itos has �n unable 
to obtain access to the private property. 

Levine said this well was added to the 
three GE was already sar'!1pling when st.ate 
water authorities several years ago learned 
of the southerly now of the ground water. 
But even this well, about IOOO feet due 
east of the Vallccitos discharge point is 
Inadequate for testing purposes because 
of the southwest direction of the water; 
flow, Levine maintained. TritJam baa been clueed u one ol the 
leu harm.fal r..t.lolldfve materiala bees-. 
o( Ila low level ol n1dloec1Jvtty aod be· caaae It twmoC penetrate materlala ..-h 
.. the ln..:aaa ali.ta. Bawner, It dOee ea
t.er tbe body In water aod ll!nds to remain 
there. 

· 

Research at Livermore Labor· 
atory has shown even low levels of 
tritium damage mice ovaries and incte&S· 
ing levels can destroy their reproductive 
capacity. ·Dobson maintains that human 
ovaries are less sensitive to radk>activity 
than those of mice. 

Other reserachers, notably former . LU 
medical reseracher Dr. John Goffnla.o 
have mr.intain� government radiation 
standariis. are much too loose and do not 
reOect the actual dangers of environmen
tal radiation contamination. 
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LAWRENCE LIVERMORE LABORA-:-ORY 

NUCLEAR WEAPONS RESEARCH 

LAWRENCE LIVERMORE LABORATORY 

( Operated for the Energy Research and Development 
Administr a t ion by the U n iversity of C a l i fo r n i a )  

Lawrence Livermore Laboratory w a s  founded i n  1 9 5 2  for 
the pr imary purpose of improvi�g the nation ' s  deterrent 
posture by providing a compe t i tive base for nuclear weapons 
development . ( The other nuclear weapons design fac il ity 
is  Los Alamos S c ientific Labor atory , a l so operated for ERDA 
by the Unive r s i ty of California . )  Nuclear explosives de
sign r emains the largest single program at LLL , accounting 
for about 54  per cent of  the Labor a tory ' s  budget dur ing the 
1 977 f i scal year . 

NUCLEAR WEAPONS RESEARCH AND DEVELOPMENT 

Th is program has two general goal s :  ( 1 )  to study nuclear 
explosive s ,  the uses that can be made of them by the U . S .  or 
any other coun t r y ,  and the impact of broadly advancing tech
nolog ies on potential applications o f  nuclear explosions; 
( 2 }  to design explosives for mil itary weapons when responsible 
agencies of the government decide to deploy a new system or 
to modify an exist ing one . Th i s  responsibi l i ty includes ad
v i s ing appropriate agencies on the f e a s i b i l i ty and e f fects 
of new weapons . 

Both nuclear and non-nuclear experiments a r e  required for 
this program , as are theoretical calculations u t i l i z ing a 
very powerful computer facil i t y .  

P a r t  o f  the weapons e f f o r t  i s  nece ssa r ily devoted t o  un
c l a s s i f ied research in 1 number o f  fields where further ba sic 
and applied knowledge is  needed to under stand the behavior of  
nuclear explosives. I n  add it ion , research and development 
capa b i l i ties developed under the weapons prog r am have pr oved 
invaluable in a number o f  other e f f o r t s  at Livermo r e ,  such as 
the search for new energy a l te r native s .  

SOME LLL DEFENSE CONTRIBUTIONS 

LLL has designed the warheads for the modern U . S .  str ategic 
dete r r en t  missile force s .  LLL ' s  leadership in this f ield began 
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Discoveries in the East Bay 

Quake Faults Near Nuclear Facilities 
By Onrid P.-rlmnn 
S<"r*ntt Con,•po1td�ttt 

Government geologists report· 
ro yl'Stl'rda)' thC'y ha\'<' map(lt'(! a 
s:roup or rrevhilll>I)' undett't.'11.'d 
··youni:·· t'ar1hquake raults runnin� 
throui:h the Llvl'rmore vallry ir 
the t::ast B.iy and p;1�•in!: dn:-e w 
three nud<•ar rt!Search ra,·1lllh.'S. 

Trace:; or the raults lie close to 
the t:mn•rs1t)' or California's La,.r· 
••nee Livermore �buratory and the 
a1t1anmt S:ind1a Corp. plant. whl're 
Jtom1t' weapons and their hard· 
\I.are arP dt•SIJ!ncd anct d!'l'eloped: 
and 10 the G••neral Electric Cu:s 
\'allecuos nuck:ir rt�arch labora· 
tory. 

But go\'l?rnment atomic energy 
officials say. they have already 
s1udled the new evidence or earth· 
4uakc activity in the area and are 
c:onC1Jent none oC the rautu poses 
an)' heallh or safety problems to 
people in the region. 

The most recenlly d1SCovered 
:rone oC quake activity is called the 

Las l'ositas Fault, and It has been 
mapped Cor about nine miles by 
Darrell G. Herd or the U.S. Geologl· 
cal Survey In Menlo Park. 

It runs northeast.,.·ard from the 
San Antonio rt'scrvotr past the city 
or u,·ermore. tht �wrenc:e IJbora· 
tor)' 4nd 1he Sandia laboratory lO 
the L11·errnore oil llcld. 

Accord1111t to Herd the fault 
zone is h1chlv <'010(ll1•x. With thrcll 
or fnur paralld �trantlb. It has bt•cn 
:.c11H 11h111 lhe IJbt 40.0UO }'Nrs, 
ond pnh-'I'' much more rccenlly. 
lkrd �Id. 

In con�irtcrinl! evidence of 
earthquake� for th� �it111g oC 01ton11c 
pow1:r plantS. movement within 1he 
past 51.() 000 years as �ons1dered 
"actl\·e" by the Nuclear ReRulatory 
Commission. for dam·bu1ldln11 sites 
a fault that has moved within the 
past 100,tMl years is considered 
ac11\·e by tbe I: S. Bureau of Recla· 
mauon. 

Plutonium, the radioactive 
component of man)' nuclear weap
Of' and ;idv;ince<.I re:ictu".!'t is � 

LIVERMORE. 

Maps of the location of the faulh - and the nuclear labot-atories 

and stored both at Vallecltos and at 
the LJvero1ore Laboratory. 

The G.E. plant, which includes 
two small reactors and a plutonium 
laboratory, i:I licensed by the gov· 
ernment to handle up to 330 pounds 
or plutonium and 1000 pounds of 
fissi<mable uranium. 

The quantity or plutonium 
used and stored at the Livermore 
labOrntory �Ile is cl;wifled, but a 
recent publu.:ation of the en,·iron. 
mental oqianiLauon Friends or the 
Earth put the figure at 600 to 800 
pounds. 

Nucleu scientists and en11I· 
neers, however, do not consider 
lhat an earthquake of even signlfl· 
cant magnitude would so disrupt 
the atomic laclllties In the Liver. 
more valley that hazardous radloac. 
llvity would be released Into the 
atmosphere. 

lo recent years, according to 
Herd, several dozen small earth· 
quakes bave been recorded In the 
Livermore area. an" rive have 

reglstaered 4 on the Richter scale. 
They may have struck along the 
Las Posita.\ fault. Herd said, but lhe 
evidence is still uncertain. 

Quakes or up to 6.5 have been 
recorded on other faults slrnllar In 
structure to tbe Las Posit.as zone. 
Herd :iaid, and temblors oC that size 
are "not inconcetvable" in the 
Livermore area. But he emphasized 
that Geological Survey sclentisll> 
have not tried to cllculate what the 
"maximum credlhle" quake might 
be In the area. There is no evidence 
that any quakes au are Imminent, 
Herd Silid. 

Herd has also mapped In great 
detail two fault reglom that were. 
previously known: One Is the Ve
rona fault, about six mlles south· 
west of Uvermore, which passes 
tbe Vallecltos atomic laboratory. 
The other Is the Greenvute fault 
zone. which forms the eastern 
boundary or the Livermore valley. 

The Verona fault is geological· 
ly young, Herd said, but there ls�10 
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evidence that It bas mov1 
least the pa.st 40,000 ye 
Greenville zone shows no 
of movement for at lea 
years, Herd aald. 

Officials at Uvermor1 
Energy Re.search & Dev• 
Adrnini:>tratlon said they b 
studying earthquake faul 
area since 1m. 

'"We do not anUcl� 
ERDA operations would 
health and satety proble 
slgnlClcanUy affected by 
information" 10 tho acoli 
port, a government SU.tea: 

The officials did say 
Livermore laboratory bas 
dergolng a "seismic Uf 
program since 1974, and lb 
prote<:tlon lmprovementa 
ready been <'Ompleted at tJ 
laboratory. 

No further changes lo 
design at Uvermore are 
necessary. otttclals said. 

uanfalent none of the farm poses

The mom recently discovered
tone of quake activity h called the
Las Polies Fault, and 11 has bcen

Derrell G. Herd of ihe U.S. Geo4120.
Cal Survey in Menlo Park.
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Reports 

Plutonium i n  Drinking Water: Effects o f  Chlorination on 

Its '.\Iaximum Permissible Concentration 

Abstract. S11l11hh• pf11tc111i11111 is oxidi:.(•tl to t/tt' P11f'\//) 11.ridoti1m .stare hy cllfori11e 
during 11·1ut•r tr1•11t111t•11t. U11<fa cutai11 cu11tlitio11s P111 V{J is readily 11h.wrhecl frum 
tli1• i:a:itr1111111•,,ti1111/ 1r11ct. Ir t1f'f't't11'.1 tli11t elm• ctJ11.l'it/('rati11n /111s 1r11t het•n gil't•n 111 the 
1'}]1•Cf 1/wr th<' f1r<'st•11ci: of p/1111111111111 in this oxidation .state 11111r lww: 1m the maxi-
11111111 per111i.1.rililc c1111ct'11tr111i1111 11[ pl1111111i11111 i11 dri11�i11f.! 11·11t1•r. 

We ha\'e c�tahli�hetl that Pu( IV) is 
o:dJ1zeJ tu Pu( VI )  by chlorine in water 
1rea1men1 pfan1s and tlistrib111ion sys
ti:m,. The 1.:un�e411i:nce of 1his observa
tion is 1hat the present values for the 
ma�imum couccnrratiun 
t\i.PCl drinking wati:r (S  
rCi nlITurth7gcneral public) ( j )  ::ippe;-; 
to be 100 tw 

• �-brurption 
f�r u,eJ to eale11la1c the �\PC 1s baseJ 
on the rc�ults of c:xpi:rimerm in which 
solu11ons of Puf l l l l  ur Pu(Vll .  or boih, 
11.:re feJ ur aJmin1�1ereJ intr;1gas1rically 
111 .1n1rnah. 11 i' 11111' vi..-w that. in Jeriving 
1111, factor, dill' ..:11n,1de1�11i1•11 w;" nut 
givi:n 10 evkknce in the: literature that 
the :1h,orr1iun of 1'11( V ( )  i, hil!hi:r by 

th1cc order'\ ,,r 111:1gni111tk 1han chat for 
l'ut l\' 1 ,,r to the p11"inil11y the 1'111 V l 1  
ltllrltl he l">rmcd durin� w,11er tteat-
1111:n1 <.:?I. 

The cxpi:rimcnh were <:arrieJ out un
di:r 1hc l.'.l>nJi1iun' th:it c,,i'.'.I 111 thl' w;Hl;-r 
tll'atmcnl rl:u11' ,1nJ di,trihution 'Y'IClll 

f11r thc c11y tlf C111cag11. The war.:r 
d1l111111at1un proce" h.:grn' 11nmetli;11cly 
:iflc1 rn1:1k.: fr11m 1 .. 1!..e ;..11chii.::111. and 1he 
chh•nne conc.:ntrat111n i-. 111:11111;1ineJ at 
:1h11111 I rart pa 111illi1111 lppml thrnui.:h-
0111 the 1reatn11:111 plane :111J in the Ji,tri
r11111111 '�'''-'Ill. I he average i:l.1r,..-J tune 
f111n1 in111;tl chlor1n:i11on tu c1111,111npt1un 
i' :!..I hour'\. 1 In .Hher wuter 1r..-a1mcn1 
rlanh. the aVl.'r,1�<: chlorine Cllnl.'.enlr;t· 
t11rn Juring lr.:atm.:nt ;., frc4ui:n1ly high
er. h> :" much :t' :i fa1.:tor of Ill . .  111J the 
cl.1r,c.t timc " gencr:tll� longer.) 

\\'.: lhcJ t"11 l..ind' of waler in 1hi: e'<
renrlll'nh: Cl11..-.1i.:u tlrinl..ing "'acer fJ > 
and .i 'Ynlhctil: l'hkag,> Jnnl..ing water. 

We prepared the synthetic drinking wa
ler by ::idtling sutlkient potassium bi
c::irbonate ttl Jistilletl w::i1er to make 1he 
bicarbonate ion conccntration and the 
pH the same as 1hey are in Chic::igo 
c.Jrinkrng water. The plutonium stock (./) 
was a dilute pot::issium bicarbona1e solu· 
tion wi1h more 1han 99 percent of the plu
ton111m in ihe Puf lVl  stale. The chlorine 
stock was a dilute soJium hypochlorite 
solution. Portions of 1he plu1onium ::inJ 
chlorine �cock .;olu1ions �ere added 10 
the waters. and these solutions were an::i
lyzetl for Pul!V) anti PufVI )  lsee below) 
immediately anti after 24 hour,, The 
�"'Pu cnnccntr;i1i1rn' were 2.0 anJ 11.00� 
pCilml. 1he chlorine concentration� were 
1.0 anti 9.8 pprn. anJ the (di uf th.: '>OIU· 
lion� wa:. :l.6. 

We 11�.:J the cla).;ic;1I lanthanum lluo
riJe methuJ to tletc:rmine ch.: amount tlf 
plu1on1um in each oxiJation state (J, p. 
121. In thi� me1hoJ. PullVl is corrccipi
tatetl with lanthanum tluoriJe whereas 
Put VII j, 11111. fru111 mcawr.:rnenh of 1he 
;lrno11nt of plurunium in the prcci1"1tate 
anJ in 1hc )Upcrnatant �olution. 1hi: per· 
ccntai;e of rh1hiniu111 in each in1da1ion 
slate can he cakulatctl. We confirmed 
the re,uh' ny ;inal)'7.ing �ome of the \11:1• 
ter 'ample:. by a methuJ 111 which Put IVl 

Tat>le I .  OxiJahun of P11<IV) to PulVIJ by 
chlorine 1n two t)'pc' of Jrinkmi; w;11.:r. 
Chl1•rtnc: c11n

ccn1r j1111n 
1rrm1 

Pcrccntat:c• of 
Puc IV) 

( /11c·11i:11 olrmHn>: 11·11t1•r 
1.0 0.111 9K I 
I.II I 0 1� (19 
t,1,1( 1 .0 � 'ii� 
!il'rH/t,•111· Cl11cm:11 1/rinL111i: .. ·11r.•r 
I.II 0.01 97 
1.0 I.II 

•Tue unccnuonly on each of lhe� •alue• '' : l. 
lll.l!..M07�.7K.'WI  �-IOCll<�00.�1);0 Coryn,ht 0 197K AAAS 
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is \eparated from Pu(VI) by ion ei1-

chungc (5. p. 84): in strong nitric acid, 
Pu( IV) is strong.Jy absorbed unto Dowex-1 
anion resin whereus Pu( VI) is not. 

From the results obi::iinec.J with the Ian· 
thanum fluoride method for tho\e s::im
ples in which the =ru concentra1ion was 
0.002 pCi/ml (Table I )  it can be seen 1hat 
the chlorination of drinking water results 
in the oxidntion of Pu< IV) 10 Pu( Vl) .  Th.: 
results obtained from the analysis of lhe 
water samples i n  which the mpu concen· 
!ration was 2.0 pCi/ml were not signifi· 
cantly different from those given i n  Table 
I ,  that is. the oxidation rate is intl.:pcn
denl of the plutonium concentration in 
this concentr::ition range. 

The use of chlorine in w:uer treatment 
pl::ints to destroy harmful bacteria. and in 
waler distribution systems lo prevent 
bacterial grow1h. is stand::irtl practice: 
hence, 1he etfecl of chlorine on the oxi
d::ition st::ite of pluionium must be con
sidered. Hamaker 16) has shown that in 
acetate-butrered solutions (pH 4.5 to 8.4) 
Pu(IV) is completely o;<iJized to Pu(VI) 
by chlorine in 15 minute� at 80°C. How
ever. his darn could not be e.�trapolatetl 
to ::i waler tre:itment :ind distribution sys
tem. The eoncen1r::itions of plutonium 
anti chlorine i n  his experiments were 
higher by onolers of magnitude. anti the 
temperature was 80°C rather 1han I 0° to 
20"C. These factors are o!Tse1 by the in
crease in reaction time. from minute\ 10 
tlay!>. ( In  the ab!>cnce of c'{rerimenlal 
eviJence. oxida1ion would be predicted 
from the st:1ndard oxit1:11ion Pllkntials. 
In :icitlic solution the CllOl-Clt - I I ::inti 
Puf V !)-Pull V) couples ::ire - 1.36 ::ind 
- 1.04 V. re'irectively. whereas in b,1-;1c 
solutiun 1hey are -0.89 anJ -0.51 V. re· 
specti1·ely.) 

In 1965. Ctlrnmittec: '.! of the lntcr
natio11:il Comrnb)ion on R.iJiolvi,:ical 
Protection I ICRPl cs1::ihh�hetl a ta)k 
gruup on the metabuli!>m of plulonium 
anJ rel,11ed demenis. One of the con
clu�ions drawn by thrs ta�k group w::i� 
th;1t the current valu.: for the gastrointes
tinal ttb�orp1ion foctor, 3 x 10-' nppears 
to he rea!>onablc for soluble plu1omum 
comrountls 17. fl· 49>. In Jrawing thi� 
conclusivn. the cask group either JiJ not 
consiJer the possibility that Pu( VI 1 
woultl be formed Juring waler treatment 
or, if lhey did. they conduJctl either that 
the data obtained by Weeks et ctl. (.?) on 
the: absorption of Pu1V l l  were invalid or 
that Put V I )  wvulJ be rapitlly retlucetl to 
Pul l l l l  or Pu( [V). tlr both, in the gastro
intc•11int1I tr:u:t. 

Weeks er 11/. (.! l stuJied the ctf.:ct tlf 
o.,itlation state on the absorptron and re
tention of plutonium b>· nits :if1cr inir::i· 
gamic aJmini�tr::ition. When all the plu· 
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11•niu111 111 1hc .1Jmir11,t,•rcd �ulutl•lll Wa'\ 
in 1lw 1'111 1 1 1 1  ,1.1tc. lhc rclenl111n 1 1 he 
pcrccnl.l!_!C 1>f th<.! .1dmi111,t.:rt:d d11wl Ill 

thc ,k.:lct.•n .ind l l \.:r .ift..:r -l d.1\' wa' 
ti 0011 p.:r.:cnt. 111 th.: Putl\'l �I.lie 11.1111 1 
pcn:cnl.  .111d in the P111\' l l  ,t.1tt! 1 ./5  per· 
.:e11l. :\fl.:r �tl d.1y' 111,· rctcnti11n' \\Crt: 
II Oltl. 11.tlll l .  aml I 5i rcrc.:cnt. rc,rcc· 
fl\cly. Li.:h , ,tluc '' th.: ,l\l'r.ti;.: f,,r "' 
r:th. The re wit' tht:)' l't'ttainc•I for 
Putl 1 1 1  .ind Pul l \' l " .: r.: in c.:lo'e agree· 
111ent \1 ith 1h11�.: 111' m:iny 11thcr 111\.:..,1ii;a-
111r\. f,,r 1h1,,c c \r.:nmcnb in 1\h1ch the 
pluwn1um .1Jm1ni,1crcJ ,,a .. a mixture of 
l'utl\' ) .tnJ l'u1 VII. the corrcla1111n b.:
t\\,•en 1he rcn:ent Put \' l l  :inJ the pt:r
cent plutonium al"orbcd was high. 

The authur� uf t h.: t:1�k grnup's n:r"rt 
were :iwarc 11f tho: work by Wei;:k� l'I 11/. 
t.:'l. as the) rc:f.:r 10 it in the �cc11011 on 
g:istrnintc'\tinal :1h ... nrr1ion 17,  r. 10). 
f!.1wever. the naturt: o!' th.:ir st:Hcmcnt 
�ugge-.\!\ that there wa'\ d1rnh1 in th.:ir 
m1111h at'it.lllt the ,·aliJ1ty of tho:: J:ita: " ,-\I· 
though the cviJenc.:e 1s mcagcr. Pu< V I )  
appcaro; t o  " .:  ah�orbeJ more rca1.Jily 
than f'ut IV)." A' put>li,heJ. the -.tuJy 
lh:tt \\\:ck'\ ,., ·". c.:arried lllll arrear'> lo 
h.: q111;..: Jdir.1:11..:. 

The g:1,trnint<.:'lllrtal ab,urr11on' of 
Np1\'l1  "Y lhc r:tt .inti •If L'(\.' l l  t'iy m.tn 
\lllht;1n1t.1te the ah ... orrt11'n "f Pu< V i l  
f\1t1nJ h �  \\'cck� 1·1 11/. ·1�l. I U1,th Npt V l 1  
anJ lJt \'I 1 .1n: 'er� c.:I""! chc1111..:at .tna· 
l1•p ,1f Put V 1 1  The comr•Htn.f, fmmcJ 
"hen c.1ch 1, pr.:c.:1ri1:1teJ from 'olution 
I \ .1 r:111i..:ul.1r 11·agl'llt .11c i-.1111111rph11\I,, 
the� :·orm c1•mri..: ,.:� "1 1h  1hc 'amc Iii;· 
. tnlh .ind Iv .t .:nmr:ir:1hlc.: d.:grcc.: . anu 
thc� .1r.: l' \ lr.:1111·1� dilli..:1111 to 'c:p.1ratc 
lrn111 .::1..:h 111h..:r " lr.:n 1hc� .ire :111 rn 1h.: 
V I  ,t,1tc.I ll . .111111 ,., 11/ 18) found th:it th.: 
ga,1mrn1.:-.11n.il .,r.,11rp111111 Ill' N rt V I )  hy 
thc r:1t W:I\ l r•'ICl'Pt . Fr1•111 m.::t,llr.:
rn.:nh 11f 11r.111111m 111 111:1n :111d hi� Jic.:1. 
I t111 'h .111d Sp.1t1r 11J I c't1111.1t.:d th:1t the 
g,1,t1•11111c,1111:il .1l'-1'11 pl111n of L'I \' I )  " 
Ji.:11\ l'l'n Ill .ind _I() r.:n.:enl. l'he .1h,orr· 
ti.•n 1•f 1'111 v 1 1  in m:111 ,h1111hl 11111 llirr.:r 
,1g11111..:. 1 1 1 1 I�.  1h.11 '' · hy more than a fac.:· 
111r ,,r 111. fn•m 11r •• 1 • .i L't V l 1. 

·1 Ill· l'.1.: 1 t h.11 c.:1111d11111n' wrl hrn I he !=·"· 
t 1 \ \ 1111,·,t111.1I 11.1.:t .ire.: 1.:Ju.:1ng 111 nature 
111.1� l.:.111 ht lh.: 1etluc.:1i11n vf Put V I )  to 
l'11tl\'1 ,1111111\' .it'ter wat.:r ha' hecn·c.:on
'111twd lt1 th" l.I'<.!. the g:l\l101111e,1111.tl 
·'"'''' rth111 l.1<.101 I Hr Put IV>  r:llh.:r th�1n 
11•1 l't11 \ I 1  ,h.11rld he u'.:d 10 c.:.1kul:t1e 
\II'\ ' 111 re\ IC\\ 1111! the r:1rer ol \\,cd,, 

c I ,tf 1_' I \\Ith tllle 111 th ,1tllhtlr\ I/Ill, \IC 
"'·"""" th.11 111 1h.:11 .: , r,·1 1111e11h t r l  thc 
1 .•h " ''rl· l1•ml·Jcp1 11t:J ti.1th h.:lurc .1ml 
. olfl' 1  rh· .1.11111111,11.1111111 11f rhe plt111111111111 
. 111.1 1 1 1 1  the "11i1t1tt11' th.11 ..:n111.11n.:J 
1'111\' I 1  \\C(C :1htllll 1),11 1 \I Ill d1..:hrnmatt!. 
I "'"· .11 th.: time " '  aJm1nl\lra11011. the 
\{ II ""' ·:. \'1tl. :111 . I' SfP'TF\!llfR t'H� 

i;a,1rnintc�unal 1rai.:1s of1hc anim.d' rnay 
h:l\e ht:en devoid 1 1f tho'.: 1.:1111,titucnh 
that ct•ulJ r.:uuec Put V i l  or. 1f 1he'e .:1>11· 
,11111cni.. wcn: prcsenl. thcy 111ay have 
rc.:;1c.:lcu wllh the: uii.:hr111natc .1nJ thi.; 
fun:,latleJ plut.1ni11m reJuc1111n. :\I lht' 
time we l..O\IW 11f 1m inf�r:!.!1:!l!11n ...!.!.!'�l l  
1he reuuc.:1i1in o f  1'u1 \' I J  1 0  1'111 I V 1  Jurim: 
the rcnoJ wh.:n .iri:_ 

Our •\f\1dy 'h\lW'i 1ha1 rlu111111um in 
urinking w:.11er wiili101-t� P111 Vlt 
stale. but 11 n:mam'i 10 be :.h11wn 
or not Pul VI I will be rcuucct.I IO Pu(I V) 

in1?c:.;1ion.. e:>iab� 
li�hing this. considcra1i11n m11,1 tic civcn 

water :.ind fm1u �p. 
1i,in arc 1101 nc:ci:so;arily 
-rally: Pu(V I )  be: 
whi;:n fuoJls not wh�n-
th.:· digestive 1r':;c� i;enii)�-

R. P. L \K�I. ...: 
I{. [).  t )1 1 > 1 1  \�1 

R111/i11/11ginil 11111/ E111•im11111t'1111il 
Rcxt•c11Tli /Jin.wm. Arg111111t! .\'111i111111/ 
L11h11m101',\', Arg111111C', llli1111i.v 6(µ31J 

K•f•nncts and :'\olu 
5111nd.1rt/, fur llt1rli111uut ('r11tf'fllo11 t Ener}l.y kt· 
•c.ir�h .1ml lkvclopmcnl 1\Jm1nmra11on \13 ... 
ual, W."h1n�1on, l.).C . . April IY7SI. chap Ml4. 

:. \t H, Wcck,, 111/., /lo.lwl Hn 4.))IJl lY�lll. 
). I he nt.•Jur e:.11on1c 11nrurn1c' in La�c �lich1,an 

�re c�h;1um 1.10 ppml �oJ m•SRC\IUm t 10 l"Pml. 
the maiur :in1unic con,lltuenl '' bicarhun:.tc tlOO 
rpml, lhc I' l l "  .ihoul � J. anJ lhe -.a1cr I� <>IU· 
ralcll Wtlh .11mtl'Pheric o"i:en. , he cnmro<1· 
ll<>tl or lJltC ,\l1ch1�.1n 1\ quuc \lmtlJr lo lhJI of Ille re\ourccs for uthcr mc1rupolitan wa1er S)'\· 
lcm'4. 
rhc plUIOnium U\Cd -.3< J m1>1ure or'"Pu thaJr• hr(. :J,1"x1 yca"I •nil "'Pu 1Jli .J.1pl 1n -.·h1ch 
the .ll(lrn rJllO ur "•f>ll 10 :\IP\J W3\ :lbOUI )Ill), 
Plu1nn1um mca,urcmenl\ .. ·ere b:.\cll un rhc Ile· 
lcc11un ur the ncp1un1t1m ).; \•ray• '"�' arc emit· 
lei.I tn •he Jccay or mPu. l. G. H. Colem:ill. lit, RudiUC'/.,micrn· nf P/111<1· 
"""" tPul:>hcarion SAS-NS·)OSM. Na11unal 
AcaJcmv or Scicnccor-Na1tonal ltc>earch Coun· 
c•I, wa,i.in11111n. D.C .. 191151. b. J. w. llamakcr. •n "Rcp11n CS-lJ•f' tDcpan· 
mcnt of Energy Tcchnteal lnforma1ion Ccnrcr. 
Ouk RiJ1tc. Tenn., l1JJ:1. p;.n 1. p. �1. 

7. A. Lindenbaum '' ul .. Th' .11,ruh11/1.11n nf l'/11111· 
m111n 11n.t Utha Acrinitln llCRP Publica11on 19, 
Pcraamon. Sew Yurk, 19711. 8. J. E. lJJllou ,1 111 .. 11,.itrli ri .. -.t. 8. 6SS 119111). 

9. J. O. Hursh �nJ N. L. $1'U\)r. 1n Ur.wiw11. /'111· 
'""'''"'· ttml Trt11up/111om� l::lt•m<-""· H. C. 
Huc�c. J. N. S1:1nnurd. J. D. Hursh. t::J� .. •·ot. 
lb 1n H11m/'1onk of frpefm,en1ol l�h,,,11wro/11g)' 
!Srnngcr·\'crlas. �cw Yurk, 197ll. p. :JJ. 

10. R C.:. Thomp<on. pcr<onal communica1ion. I t .  Work WD< pcrformcll unJcr 1hc auspice> of the 
U.S Ocpanmcnl of Energy. 
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Venus: Further Evidence of Vortc:< Circulntion 
Ab'ilr:1cl. ;\ Jp11cc-ti11rc c·11111t1111tc' t1/'p11/ar .11crc111gruplijc 11/trm·iol<'t i11w�<'S of 1-'e· 

1111< f,. .. ,,, .\ft1ri111•r /() ,/i11t1'\ 11 '"'111111'1..11/lit' cir< 111111111/ar 1·11rl<'1'. Tiii' •·t1rlt'X r.f cfwrcic· 
it•ri:<'cl fly 11 d111td 1d11c/1 tlPflt'Cll'\ ,i111tl11r llJ clc-11.,c· /t•rr<'.1/rtttl ·''"'""" /1111·i11g WI ccl/lc•do 
1/1111 is 50 1wrct'1// l11i:li .. r. S(lir11f 1/r1·C1J.. f t  111tt'C'l't:<' 111111 it fr11111 '"" f11t1t11th•s. 11J..i11 to 
1'11• vpiml hum/1 11(11 l111rrit ""'" r/11' hrii:/it 1 1.,iNc· p11/11r d1111./ is 1111/ 111i.1.n11111t•tric /mt 
Ito� r11111:!1/\' 1111 ..tl11•t11·1cl 1/11tf't'. 'I /IC' l1i::lt hni:h111c'.\.\ (If flit· 1>c1lor r/1111tl .111,i:gc•.lf.1 tltut 
it """ 11 di/Ti•n•111 1wii:111 (mm tlil' "'·'' 11f the' \ 0<'1111.\ d1111c/ c·m«•r . 

s,1011 after the illariner 10 enc.:.1unta 
\\ i th Ventt'. the ,\tanner Ve nu' :'-kr· 
cury-73 im:1�ing 1e:im \ / )  rri.:,c111.:J :1 
rrcliminary vicw ol' lht: :lllllt"Pht:nr.: l.:ir· 
nrla1i1>n on Vcnus as revealed b� 1he ul-
1r:iviolc1 1 L! V )  mal'ldll!l'i, In parlrr.:ular, 
:'-l111T:1y "' 11/. m;1de th.: foll11w1111! .:om· 
ment� al-tout lhc r11lar rci;i1"l t / .  p. 1 3 111 :  
"Our preliminary impreo;siun j, 1h:it th.: 
r11lc ,,f :11 llHl'l'hcric rolati11n j, 1111 the 
tcrrninatur . . . .  There is an rndic.::ition of 
vonc:oc �1nzc1urc in 1he '1rc:1ks cm:rnatrng 
fr.nn the! r·ilcw:rnl ,ide of the cJi:.: 111 lhc! 
pol.tr rq:i11n. Indeed. the: c:ntire p11lar IC· 
i;ion may he a 111rtex fcJ by meridional 
lluw fr11m lhe c4ua1orial rci::11>r1' . .. Suh
'er.wentl� S11u1ni (!) .1ml SL1t•nt1 >'/ ul. (.II 
trac.:k.:d the n11>11on-; or UV feature' of a 
fc:w ;\briner Ill U V  frame' 1.11...:n "'er a 
-.mall tinic interval c\lmp:trnJ 11' the 1u1at 
Vcm" en\·1•11111.:r. The'c ,11-t,er 1:11 1t1n-. 
'hml'l:d lughl\ 11111al 11111tl\>ll -.11h IJl,t.\I· 
mum 'recJ, m:ar = 51)" l.11i111.lc 'u��c:, . 
tr'.: uf th.: ..:1111,en .1tir.1n 111 ·•••o.:11l.1r n111-
mc:n1um 1n the ourl·r ll'lll' 111' 111e vort.:x. 
\\'c h:r•e .:vmrlcti::J .ln1Hhcr .1n;1I� '" ,,f 
�briner 10 1mai,:c' that .:\wer' alrno't the 

entire rerinu nf the Venus encounter. 
ahoul 7 Jays, using an cxtensil)n or the: 
Oll'I<.: ti:chni4ue. The new approach has 
pf\1duec:J striking cviJ.:nce of a glot>al 
cirtumrolar vork:oc in the str<i!Ospherc of 
Ve1111.;. 

rirst. :.il l  of �:! frames �panning 6.�5 
Ja> � were lll•t'malizer.J to a slandarJ scat
lt:ring _geometry. The normaliza1i1>n was 
pcrf1•rmeu in order to remove shauing 
due tu scallcring gc:ometry vari;1tion 
over the rlanet. The im<1gcs were nor
mali1.:d lo a �landan.I sun-planet-oh�.:rv
er gciimetry as Jes.:ribcJ by Lim.ire ant.I 
Suomi (./). Scconll. the image-; were rc
mappcJ into a r11lar s1crengr.1phic.: pro
jce11on to give a ht.: Iler view of the hii;h· 
l:111111dc: rci;ions of Venus. ThirJ, sevcrJI 
\eparalC pul:ir �h:rCl.l!:,!raphic prUJeCtion� 
�rannrni; ,everal J.1� s were made inlo a 
c:t1mp11,11c for th.: � hlilc rvl:ir rei;i11n. 
'f h" p111ccdure '>1!11Ul.t!C' the \"IC\\' I hat 
\\tiulJ re uht:tineJ frnm a llighl over thc 
role . 

l he rolar rr•1Jet:11t1n h:·� thc aJv;tnl:t!:!I! 
that it j, c::1�1er II) Jiscern motion pit!· 
lem'I in the high latitude:� than in the 

O\l11>-K01�·/X.1Nf�. 1�1"�1lO 'll'I) Copyn�ht <' 1'17� AAAS 
10-90 
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The Plutonium Controversy 
John W. Gofman. MO 

I I-' TI I I•: world 1'1tcH1sl'S to Sl'l'k a solu
tion lo lhl• enl'r){y dilemma through 
nud1·ar l'lll'r){y, the clement pl11to
ni11111 will h1•1·11m1• an artil'l1• of l'11m-
1111·n·1• Lu hl• handled in quanLiLil'S of 
t h1 '"ands of tonrll's an nually. i'luto-
11111111 i,, a uniqudy potent inhalation 
1·ari·i1w/!1•n ,  the pot1•11lial indU<:lion of 
11111)! 1·a11n·r tlwarting olht•r possihlc 
tu'\i1· l'lf1•1·ls. l"ur rl•;t.-;011s lu 111.' pre
s1•nl1•d h1•r1., it  is my opinion LhaL plu
lrnrium's 1·ardnogenicily has hecn 
' Pr.\' s1•ri11usly 11nd1•reslimatL•1l. If  onl' 
1'1>11pl1•s the rnrrectcd t·arcinogcnit•ity 
with t Ill' prohalil1• dl·gn·e of industrial 
rnntainnwnl of lhe plutonium, it ap
p•·ars llrat the 1·11mml•rt·ialization of a 
plr1t.111i11m-has1 •d 1•ner)!y economy is 
nut an a1·1·1·ptahle option for sO<'i1•ty. 

:-:a)!an ',., slall'lll1•nl'  lhal "th1• l'XPl'
ril'lll'l' of :m years supports the con
t.·111 iun that plutonium t:an he us1!d 
saf1·I.\·" is manif1•slly indl'f1•nsihle. Nu 
11wa11i11)!ful 1•pidc111i11l11Kil·al study of 
pl11t11ni11m-1·x 1ms1•tl workers for that 
:lll-yl•ar period has ever hccn done. 
Sinl'e thousands of those possibly ex
p11s1.•d han• left the industry and arc 
not 1•rt•n a\·ailahk· Lu follow-up, it is 
douhtful that any ml'anin){ful study 
nf "the cxpl•ricnce of 30 years" will 
1•\·1·r he a1·complisht·<I. 

Lung Cancer 

The important forms of plutonium 
u 111l1·ri�11 d1°l·ay hy lhc 1•m ission of <t 

From lhe 01v1s1on ol Medical Physics, Un1ver
s11y ot C;ilofornod. Berkeley 

Reprint requests to 01v1s1on of Medical Phys
ics. Conner laborato•y. University of California. 
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particles. That 11 parU1·h·s pr1Hh11·c 
hronthogenic eanter in man is now an 
eslahlished medical fact, from the 
Lra){i<' expt•ri1•n1·1•s of the US uranium 
miner.;.� �ince lhl· " partil'll·S from 
plutonium an• approximately uf the 
same 1.•m•rJ.ry as those from thl' radon 
daughter products that provoked lung 
l'ancl'r in the miners, it follows that 
plutonium n particles must ne1·cs
sarily he capahle of provokin){ 111n){ 
cant·cr. 

The key dl'tcrmi nan t of '11111• """'!I 
lung cancers will be produced per unit 
of plutonium deposited will lrt• the 
len){th of residence of particles l1ear
ing plutonium in or on the cells of the 
hronl'hial epithelial lining. In <·om
ml'r<·ial situations, plutonium will he 
cncoun le red as the extremely insol
uhle compound plutonium dioxide. As 
�a){an has pointed out. evidence indi-
1·atcs that plutonium. once deposited, 
has a residence lime in the lung of 
sonw fow years. Durin){ sut·h long 
residence times. the n particles 
emitted deliver potentially carcino
genic levels of radiation. 

&"ltimation of th� expected number 
of human lung canel'r.i hecomcs a 
prohlcm of knowing how much pluto
nium will he retained i n  pulmonary 
tissues, since this determines .1e 11-
particle radiation level. There are 
some crucial voids in our under
standing of the behavior of plutonium 
partit·ulates in thl• lung, particularly 
in the lungs of humans who smoke. 
This make:; radiation dosc-cslimation 
rliflicult. As a supplementary a1>-
11roach to estimation of carcinogenic 
potential, we can fir.;t consider the 
experimental animal evidence. 
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Cancer In Beaglea 
Bair and Thomson' have induced 

lung cancer in beagles with pluto
nium 2:19. From those experiments, it 
is pm;sihle lo estimate only the min
imum hazard, hccause the carcinoKen
icity of plutonium was initially un
derestimated, with the result that 
lung cancer developed in essentially 
100% of the l>eagles, even at the low
est plutonium dose tested. I n  the 
beagles, a dose of 0.0491'g of pluto
nium 2.'39 deposited per gram of 
hloodless lung produced lung cancers 
in 100% of the dog:;. 

· 

Assuming man to be equally sensi
tive, 'l7.91'g or less of plutonium 239 is 
a dose sufficient to cause fatal lung 
cancer. In a nuclear reactor, the plu
tonium 239 is admixed with several 
shorter-lived nuclides, so the n radio
activity will be approximately 5.4 
times greater than that of pure pluto
nium 239. Therefore, the carcinogen
icity will he enhanced 5.4 times. Thus, 
based on the saturation experiments 
in beagles, the extrapolated human 
dose of 5.21'g or less of reactor-type 
plutonium will produce one lung can
cer. No matter what the distribution 
of this much plutonium is in people, 
5.2µg equates to one lung !!ancer. 
Thus, for a specific lung cancer type, 
5.21'g deposited into one human 
causes one lung cancer, 5.21'g dis
tributed into ten people causes lung 
cancer in one out of ten people, and 
ii.21'g distributed into 100 people 
causes lung cancer in one of 100 
people. Because of the saturation fea
ture of the beagle experiment, the 
true required dose is not more than 
5.2µg per lung cancer produced, and it 
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Luny C;inccrs per Ye:ir W11h Plu10111um D1spcrs1on · r:u·iliLy. Stlt'h parl11·11htll'S settle lo 
lhC! l!ruuml and are then reµealcdly 
susreptible to hecoming airborne by 
winds and lwiul! inhalt•<I. prrnludng 
additional cancers. 0111• oitcn hears 
the assl'rtio11 that s11d1 pluton111m will 
rapidly he incurporuLc<l intu the soil 
and not he subject to rcsuspC'nsion by 
the winds. A t  the Rocky Flats in
stallation, careful air monitoring of 
a region near the 1·arcless spill of 
about 100 gm of (from 
l1·aky drums) into soil has shown air 
level� plutonium not 

even aftN )'l'ars. "' The 
rcsU.-;pension to addi
tional hmg cancers is anticipated to 
he suhstan tin I. 

Containment Plutonium Lung Cancers 

kg __________ per Year 
99 9 000 13,900,000--

900 1,390.000 
�i.l.99___ 90 IJ9,000 
99 999 13,900--

99.9999 0.9 1 390 139 

·Nine hundred tonnes or plutonium 1s processed annually. 

dosl'S lo thl•sc workers in <l<•tail, and 
lms1•d un thal analysis, the estimate 
is that ti.� 1'1' a 11111

! ranr1•r should 
ha\·c 111.·t·urred hy 1111,,· for Lhi:s cxµo
sun'. Thl· 111.•1•11rrt•nn.• of zero c:am·ers 
lty this li11w is in a1·1·tml with this l's· 
Limat1• and in nu way miLi�atcs Lh1• 
11111� 1·a1Tin11�1·11irit,r 111' plut onium. 
In an11thcr �rtmp. approx ima1cly :!5 
workt•rs at Lill' lto1·ky Flats plutonium 
pl:tnt rl'n•in•d mort• than lht• p1•rmis
sililt• tl11st• in a l!lli;, awitk•nt. lkrnusc 
nf 1 h1• Ion)! lat1·n1·y period for lung-
1·a11\'l'r indudion, it is really too early 
t11 :L°sst•ss tht• impa1·t in thl•st: work1•rs. 
I n  another ten y1•ar.; an apprl!ciahlt.> 
�·idd 11f hm� l'anc:t•rs would hi.' ex
pcdcd i n  these men (assumin� that 
ahou t hal r of tht•m were smokers). 

Sale Plutonium Energy? 

It is sdf-t•\'itll'nl that if plut1111i1im 
is pcrfedly l'Ontained in a nudcar 
1•oer�y l'l.'Onomy, then there is no haz
ard of plutonium-induced lunir cam·er. 
Since industrial human endeavor is 
nt•\'t•r perfl't't, it hchoovcs us to con
siul'r the tonst>quences of less-than
pcrfl•.:tion in surh an endeu\'or, es
pecially when we consider not only 
human and machine fallibility, hut 
also acts of God and malevolent hu
man actions. 

A fully Ol'\0clop1..'CI nuclear energy 
economy would mean 1 ,000 or more 
larg-c nudcar power plant;; nf lhe 
!>reeder rnriety. bused on plutonium. 
An a\·crage hree<ler reactor would 
have about three tonnes of plutonium 
in il. and al least one third of this 
must he reprocessed and handled an
nually. The annual handling of one 
tonne of plutonium per plant means a 
total annual handling' of some 900 

tonnes of rea<'tor-gradc pluton ium in 
the U niteci Slates alone. 

Since we have estimated that 
1 lfi,000 l11ng nln<'l'rs have rl<.'vclopec! 
by inhalation Qf plutonium from 400 
kg' of plutonium fallout over the 
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llnitl·d Slatt•s, we ran l'='Limate thl· 
nurnl�i.·r uf rnncel'li that will develop 
ar\llllall,\· fur \·ari1111s dt•j!t't•t•s of \'1111-

tainmcnt of lhis 900 tonnes of pluto
nium Lo hl' handlc1l annually. Pre
sumably. lh11 inh:tlt•d pt11toni11m per 
kilog..-am tlispl'l'Sl'tl will h1· 1·11mpa
rahl1• tn I hat ror w1•apn11" l'alluul. l n 
fad, it may turn out to lte t•qual to, 
greater. (Ir less than the 1·asc for 
weapons fallout. The rt•al hazard of 
plutonmm rdcases is llol al Lht.· nu
tll'ar rl'a\'Lor, l111t rathl•r al lh1· f1111l

fuel-fal�
in lhl• transport hl'l\\ ccn 

these two fal'ililies. In these lllcps, 
1:; as apµroxi

rnatcl�· Iµ. particles of plutonium niox
ide. the form and size of ultimate tox-
idty for lunic ran<'t'r to dt·wlop. 

The esscnl'e of the l'Onl'ern must 
1·t•11lt•r ahuut tlw l':<p1·1'lation 11{ the 
ll!vcl of containment perfection. l n  
\'iew of the gross mishandl ing of 
pl utonium to dale:' Lein not tine! it 
r�lihle Lo heller than'""IIV.- 99% 

Cll!lta_inm<'nt of and 
containmenl is far from 

reason. [ hclie\'e that society 
a 

energy economy. 

In the estimates. in the Table, the References 
lox id ty of rt•a1·L11r-g'radt· 11l11ton iu m is I. �n.:an I.A. The pluwnium mnlruv1:r.1y. taken as 5.4 times that for plutonium JA.\fJ\ 2:!�:1267-t�. 1�1;,. 
2j9 because of the 5.4 limtls greater a �. l,un<lin �·E Jr. Wal(on1:rJK. Archer VE: Ra-

d· · f dun <laughter expu�Urc and respirator)' cancer: ra 1at1on rom such rcactor-irracte QuaMitative unrl temporal a.•i11•ct.:s. R•i••rl /rnm 
plutonium. cum pared with lhe almost th• µid,,111uloq1r11l Stu;iy •if U"11eil S1111r. Ura· 

pure plutonium �9 of weapons-grade ·• · '"' .\fi11•r•. NIOSH-NIEHS Joint Mnnot:niph 
11. l. vS Ucpanm1:nt of H .. .ilth, l::dural1Un, :ind plutonium. Wdfar�. 11111. 

Proµont:nts of nuclear power argue :l. Bair WJ, Thomson RC: l'luton111m. Biumetl-
that planned releases of plutonium it-al res.·arch . .'irit"''' 1�:71�i�. 197�. 

4. Ta.•k Group rm Lung Dynamics t fnr Com-
will nol exceed one part in a bi llion. m1tt.ce II of IRCl't: OepCl"ttinn and retention 
In such a technological paradise_of morlels for internal dosimetry of the human res-

1 " I d'' I I · piratory lrnct. /frn/lh l'hv• li!:t9'73-2<J07, 1966. 
_o� y  __ P annc 5. Ide G, ::>untzclT V, Cowdry E:V· A compari-
induccd cancer would he a ""n .. r the histopatht1lol{y of tr-..cheal and hron-

sertous hazard (about one case pt!r ch1al epithelium 10 smokcr.:i anJ non-smokers. 

- ) B� l'u11ru li!:4n-484. 19fi9. year . ut In lhe real world, with all s. Aucr!Jach O. Stout Al'. Hammond F:<.;, et al: 
the fallihilities involved, containment Changc.o1 in the hrnnchial e1>ithclium in relation 

perf .. ectio.n to one part i_n __ _wou_fd w c11ean:ue smok1nl( and rn n:lat1un 10 lunic can-
cer. N Engl J .lftd 26.';:253-267, 1961. 

he a fortunate experience indeed. 7. \,of man J: The r.ine<:r ha1.11r1l from inh1lll'<I 

There is no evidence thal �venlhis plutonium. <:11n11r'"'"'"'"'' ll<'r•1rrl t�t·Sl�litO-

h h h. d . f :314616, 197!i. as een ac 1eve m our years O 11. <iorman J: E:it1malt�I t>roclu�lion of human 
experience. And yet such contain- lung cancel$ by plutonium from worldwide fall-

ment in a plutonium energy et.·onomy out. C11n11r•.••i11m1/ /(emrti 12l:Sl461fi·Sl4619, 
1!175. would lead to an expectancy of !l. cnn1:lt BG: �'allout "'Pu 1ln•c Lo man. 

139,000 additional lung cancer falal i- ,.. ""' /'myrrrm I/ S111111nary II•µ. Health and 

ties per year in the United States,�· f1:ty Lahoralory, USAEC: Rcpon HSAL-278, 
. . 974, Pll 41-66. 

which no society should accept. 10. US AJ.:C Rnrky Flat., l'lanr Suro�illance. 
The problem docs not end with the monthly rcporl.�. 01:nvcr, Culormlo 0...11artment 

i 't' l · h I t' f I · l970-IU75. n1 ta in a a ion o p utonrnm par- Gorman J: Nuclear power. no. Congru-
ticulatcs released from a nuclear RtotNl 122:53319-8:!322. 1976. 
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Perfection. Dispersed. kg

99 9

per Year

9

99.99999 0.09

reprocessing, and
rililics and

plutonium =died

239 because nf the 5.4 tilmeS Kreuter n

plutonium.

tln_y anne —re eases, ,e utonium-_
lung not 

year . tiat in the real %mid, with all

10,000

as een ac ieve in our 30 years

plutonium

of resuspended
declining live

contribution

audaztan gut.

expect
Autonium, such

acceptable.
For this
s-h—oTAT n accept p - )ased

Jr. YIWPmerJX, Areher YE: Is-

,Wellsrr, 1771,

a. trie C, Suntsof V, Cowdry EV' A womPori-

t Aourbocni), Stout AP. Hammond Fx. vi

N. notintut Eaulmated, pnwhottimn a human

tieg per year in the United States1,11r"Y Lohorsknry, USAEC Report usaL.Tro,

The problem does nnt end with the reimptity moms, Dower, Ciwinuln Deportment
ofA,Hoolth.ra m a a tan o putontitm per- ;:alGofinam ); Mates. power, no. Cower.ji 



1
0

-
9

4
 US SEISMIC ZONE MAP

MJC:LIAR POMIR MANI CIATA RCM MKAJAR RWS. NIG 19/5 VOL 18.M) 10

LEGEND
- /ONE OAMAbE

.4k1A1

f:- :
• . • .. YAW',

1.' WY.*

WEAR POWER PLANTS
• OPERATIC,
• 00DERED tINDE CON ..10_10



FALLOUT A'Ulll/AL TIMF. !HOURS AFTER OETQNj\flQll: 
0 7 8 !I 10 t I 12 1) 1 7  ,9 �o 

BIKAR 
0 "' 

) 
-

lJTtRll( 

(!.., CJ 18 
TAl<A 

DISTANCE FROM GROUND ZERO (MILES) 

llAZARDS Of' LOCAL FALLOUT do,.nwhod from • thrrmo
nutlt•r taplo>loa wtro drematlud by tht U.S. tnt of a IS·n••c•ton 

ll>•lon-luolon·&•loft bomb o• Bikini Aloll o. �larth I, 1115�. Th• 

mc&1iur�mf'·ntl (blork tUJttthtrd 1h•e fhf' tut11I d�C', In rl'tu"I, U1:.1t 

h•d atcumul•tC'd 96 boun 1llr-r Ch� capt•niun. Cotttuur lin� ('afru· 

latttl Oft tile ba.,1� of th�f' nua.urcmcnb uulllnr elie- falfuul 11�Urrtt. 

trigi;crs n fusion explosion involving. 
(or cxumplc. the hydrogen isotopes deu
terium and tr11ium. The high-energy 
neutrons emitted br the fusion reactions 
then fosion the nuclei or a large amount 
of the nt'n·chain-renc:tin& i)OIOpc urani
um VX. releasing more fission energy [su 11/1wra1ion 011 opposlt� pa/,'�). In the 
Dcfcn�c Department calculations 50 
percent of th•: cneq;y relense wns •IS·" 
sumed 10 be due 10 lission. and lh<il is a 
representative fraction. 

The biologic;il consequences or g<im· 
ma radiallon depend on the total dose 
received and the lime period over which 
it is delivered. The median lethal radia· 
lion dose was tal.en by Defense Depart· 
men! analysts 10 be .iso rems for do)es 
received vcithin a few days. (The rem. 
standing for "roentgen equivalent man." 
is a unit of the biok>sical clTccl of radia. 
lion.) For doses delivered over a longer 
time the lethal dose was taken to be 
lomewhal higher because. given lime. a 
biological system cun repair a consider· 
able umounl of radiation damage. The 
clTectivc dose sulTered by the exposed 
population when !he rate or re.pair just 
balances the rale or damage. being done 
by the decaying ambient field or radia· 
lion would be the "mall.imum biological 
dose" and would determine lhe lelhalil)' 
o( lhe.c;.;otposurc. - -------

Death from radiation sicl.ness would 
be neither quick nor painless. J\s de· 
scrihcd in the Glass1onc book. "the 1ni· 
lial symptoms arc . . .  nausea. vomitin&. 
diarrhea. loss or appetite and malaise." 
Beginning 1wo or three weeks after the 
ell.posure "lhere is a tendency lo bleed 
in10 various organs. and small hcmm· 
rhogcs under the sl.ln . . .  arc observed."' 
Spontaneous bleeding from the mouth 
and inlcsclnal 1ruc1 is common. "Lo�s 

of hair . :1lso starts after about 1w�a111ounL or L1lltl11t Jcpositcd JownwinJ. 
wee.I.�. . . . Ukcralton about the hrs would be alfcclcd hy the dw1cc of tar· 
may . .  sprc:ad from the mouth lhro11gh get. In the coun1edortc .111acl.s cnv1-
1hc entire gri,1roin1esllnal tract.'" Even· sinned hy lhc Ddcnsc Oepartrnrnt mt"l 
lually "!he decrease in the white cells of of the megutonn:q;c would be dlrc<:ted 
lhc blood and injury 10 other immune against undcrsround Minull:man 'ii'" 
rncchant)lllS or the body ...  allow an l'hc Deparlmcnl rcporleJ that the M 111· 
overwhelming infcc11on to develop." llh!man-1.illing elkcli\'enc\\ nf .urfa•e 
One has only to m11h1ply that dcscrip· bursts and of airbursls 111 the 00l':->lin111rn 
lion hy the millions to &cl a partiul pi.:- hcisht of hursl" would he 11h111t1 "'I ""· 
ture or the possible: consequences o( (The optimum heii;h1 of burst is the 
"'li1n11cd"" nuclear :11tacl.s on the U.S hc1gh1 tlwt. for a i;i,·cn riclJ, rrovidn a 
and lhe lJ.S.S.R. bla)t pressure exceedins a certain \'alt1e 

Ir the fresh fission prod ucls from one 
megawn u( fis)ion were spread uni· 

formly over a perfectly Hat area or 1.000 
square miles. the gamma-ray dose rate 
one meter above the ground would be 
about 250 rems per hour ;1ftcr 10 hours. 
For human beings the median kthal 
dose at )111:h a hish do)e rate is uhout 
450 rems. The gamm:l·ray dose rate 
would decrease aboul sill.tcenfold for 
every tenfold increase in time for the 
first six months after the cll.plosion and 
more rapidly !hereafter. In our example 
the rad1a1ton intcnsuy would be down to 
ahout 1 5  rems per hour after four days 
and about one rem per hour after 40 
days. For a person remaining in the ra
diation zone. however. the cumulative 
dose would continue to ri�e significantly 
for quite a long time. Consider the locul 
fallou1 hcsinnini; about IO hours after 
nn cxplo.ion. which is a typical time for 
the fallout 10 reach srounJ level. J\ run 
.io percent or !he dose accumulating ar. 
lcr lhnl time would rcmaln 10 be dcliv· 
cred after four days. and 25 percent or ii 
woul<I )!Ill remain 10 be delivered after 
.io days. 

"lllc hc1i;hl or burst or lhe warheads. 
which hus un important lnllucncc on the 

O\'cr the h1ri;es1 area: for a Ct11e-mci;a1<i11 
yield and an ovcrrrcs)urc or 1.01111 
puumh per squ:1rc 111<.:h 1t "''ould h.
ahout 1.0llO (cct ) The anacl.er would 
thus be fa.:cd w11h a 1radc-01r. On the 
one hand a surface burst docs not ha"" 
to be as precisely placed a� an uirbur" 
(an important con)idcraliun. since ••I· 
tad,s on h:irdencd targets put a hi&h pn· 
ority on accuracy). On the othtr han.I. 
l)cfensc Department culcula11ons 'how 
thnl. other things being equal. for un at· 
tack on the U.S. ICBM"s r.1flou1 fatal1· 
rics could be four times hij:l,.·r for ""· 
face bursts than for airb11rs1s. 

The fireball from a onc·mcsu1on nu· 
cleur explosion und the !inion rrod111:1s 
it contains rise rnridly 11111il the top of 
the cooling fireball cloud enters the 
stmto,phcrc. about six miles alx>vc �ca 
level ut middle lutitudcs. Al a height l>f 
al•oul eight miles the cloud stahili1.c\. 
with its fission products spread over an 
area ahoul four miles in diameter. 1\11 
average settlini; time for the lo.:al foll· 
out from a onc-meg<Hon explosion 
might he nhout eight hours. The scllling 
time and the a' er:tgc spccJ or the wimh 
hclwecn the !up or the fireball cloud aml 
the ground determine how Car the llarli· 
clcs Jrift downwind. For a l)'pienl a\cr· 
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Assignment Bay Area 

The Cancer 'C�uster' 
In the Suburbs 

Uy ""�"' lftr/Hl/Hlrt 
"Our doctor hero rn Livermore 

wouldn't helfev1• me wh<'n I tame 
h:wk rrom Sun Prunci.wo and told 
h11n little Jimmy had malij(nant 
mc•lunoma." �ays Oillir Long with a 
(arm trut·c of ht•r native Texas 
drawl. "lh• told 1111• llllle kids Just 
don 1 i;:N nwlannma. lie thOUJlht 
th<' UC Mcdkul Ccnwr lab had 
made a mistake." 

MrN. Loni;: 1> sl1tln2 in the 
Mcdlt.crrancan·•IYI<' livlng room or 
h1•r Clnnahar ('nun rnn\'11 home 
JU•I a hiw stt·r�� away rrorn a 
handsome ramlly portrJit lakrn 
shortly bcCore Jimmy's death last 
Nov!'mhl'r. No1hm2 In thr pk·turc 
hrnts at the pain or t.hm.c rtnal days 
fur llillle. her hu,hund S tan. and 
llwlr rour chilcln·n 

�:v1•n Jimmy. who 'lll'nt tht• 
1:1,t four month' or hL� lifr cnrnmut· 
111..: hack and r•>rtlt tu �\nffitt 
lln.1111:11 wh1•r1' lluitl wa.• painrully 
�Ul'llOm'll rrnlll hL"I hllll!.'. hH1ks 
happy in th<' pholnl!raph. Thi' 
hplltln1t 1maJ?e uf his hhmde mul h· 
o·r. the l<4'\'1•n·y1·ar·oh1 'portt•rl ;1 
h1"Jlthy tan thank• to 1·111111""' fish· 
hlf.! lrljl� with h1� fat ht•r - lk•I Wl'l'I\ 
ns11s tn the cam·1·r wuril. 

s11111 Lntll!. a 11111,1a1·h111<•<l 1•:1 
dfk Tt'l1•phn111• m�I\ whu hrnucht 
hrs r:11n1ly tu 1.1,•rr111ur,··s 111u·sant 
1·01111try 1<•11 y<'ars aj!n for 1111· 
h1•:11lhy rti111a11•. lrll'il •l11ri111l th<' 
111n111h followinl! .lh11111y\ clt•;uh tu 
1 hmk ur ra1·t•1r' 1 hal 1111i.:h1 11:1,·1· 
n1111rlh111\•1t Ill hi> >nu's 11111· 111 J 
11111111111 """' 

Tulks wllh 1tw·luf' 1111lh·a11·1I 
11w1h1·al •"(Jll'rls .itnplv 1lu11 't k111>.,. 
"ha1·, h<'h1111t th" •·a111·•·r "hwh 
l)'l11cally ap11<':1 r' a.• a olilrk 111ull' 
JO<I >prl'alls lr<1111 lhr 111l!t11t•nt<'1I 
,k111 n·ll' 111 1tlhcr 1111rt101�• uf th1· 
hotl). Thr· l.1111l!s 11\'hah'tl U\'l'r th1• 
k1ll'lll'11 1:.hll' :1IH1t11 tlll' X·rav> llilh1• 
hJ<I rl'lu1·1a11tly ai.:rwd lit 1lurinl! 
h1•r pri'l!nanr\' "'1th Ji111111y Th1·1· 
JIMI l'll0>1tl1•rcd I hl' 1101t•1111ally 
h:1r111ful "'''" ls nr f••lll a<hlil I\""
·•llll tht• ha11·Cul '""'I! ll1a1 rn•111•·11t· 
ly 111.,-.s 111 lrnm 1·1t1cs to lht• "''"''· 

llut 11 wa.-it't uni ii lau· Ja1111arv. 
wlll'n lilt• 1ll'arhv l.:rn rl'lll'C Ll\'o•r 
mnri• L.ih11ra1nr: ;11111111111t:L'<I lhat 
1-1 1·11111h1y1•1'S lia•I 1·11ntra1·l1•1I mull 1· 
1111- uu furt•11:1:\_ thut lh�y fh'!.:an 
"urrytnl! JIH1u1 the uul'lcar "'''JI'· 
11n' dl'SIJ!n facihtv. 

OR. DONALD AUSTIN 
He'$ looking for answers 

i:ornmunny hci!an ,.,.arrninit In tn 
hk'ul >uri:C'Ons· 01Cir1·� lo han• 
molrs n·moved. Prot111·tahh·. "'°'' 
or th" 1 ii;suc n•movcrt proved nun· 
mahi,:nant. 

lh1w<·v•·r \\llhm w1>;·k• a n1•w 
wavl' nl anx1r1y was movln2 
thrnoi.:h tht' 1.iv1•rmorr·Arntulor 
vullt·\'·s I !iO.OOIJ rt''l<l<'nl�. first 
1·;1111,: u 1wws rrpnrr 1•n .J1111my'> 
1·a,1•. Th1·n ll wus n•vc1111�1l t hut u l:t· 
yt·ar·olrl lluhlln d11lct, wl111s1• pur· 
1·11b tlul nol want his nan1I' marl<' 
puhlic. was also 111•1111? tn·al('\I frir 
till' 'anw tlis<'a>t•. lu ll1•rk1•l1•y. Dr. 
[lonultl ,\u,1111. llt'at1 or lhl' �tah• 
hrallh tl<'purt1111•111·� tumor rei.:1,. try, VOll't•d l'llllCl'rll: 

·1·wo 1·a.�ci. tn lhlll di.!•• hrackl'l 
for :1n arl'a uf this Stzl' 1s 1·1•r1amly 
mun• than )'C)U Wl)UIU l'XJll'l:t by 
t·hanc<'. ()l'er the paM flv1• y<·ars :i 
Bay Ar<'a stu•ly ur !fl mlllifln 
jK'f'Ull·)'l':lrS >hO"'l�l nnly 7 l':l.'14':1 or 
malignant melanoma unrll'r 15. 
\Vr.'vl' n1•\'1•r h1•ard of· pr<'puht•rt:il 
1·1u.�11·rs like this. · 

ThL• new developmrnt hai. nat· 
urally lm11<•1lro many l,tvl'f'mOr<' 
1r;1r!'11L� 10 he2in por111'1 ov1'r thrlr 
rh1ltln·n·� hmhcs H'tHt:hmll for 
moh-s that m11ih1 ht' 1·aull<· ror 
:ilarm. t\ numl1<•r of th1'!'c rl'!>rcl<'nl� 
have al>o 11J•1•n 1llrl'rt111.: m<1u1r11"1< 
to lh1· lll'alth il1•pannwn1'h Or 
1\ustm. 
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number worth looklng Into beaiUR 
of a pec:ullu situation tb1t denl· 
oped In the Bay Area between im 
and tm. "You -· malignant 
melanoma h11 been lncreaatn11 
around the nation by one to two 
pt:rccnt a year. But In Alameda, 
Contra Costa, San Mateo and M.artn 
counties the rate has been going up 
five to ten percent a year. Al the 
�•me time the Incidence In San 
Francisco hu remained un
changed .. :rite only obvloua differ
ence between the city and the 
�uburbs Is the amount of 1unll1thL 
We wonder If San Francl!co'1 fog 
llCTeens out enough sunlight to have 
some etrect." 

While lbls data hardly rea> 
aures those who abandoneG the 
"polluted" city environment ror the 
relative cn1•lronment1l purity or 
the suburbs: It does Dot mean one 
(Rn expttt to avoid multiple melan· 
oma by staying indoors with the 
bll nds clostd. 

Dr. Austin points out that 
office workers who experience 
�hurt. Intense ex(l08ure to �vnllght 
are ('Onsid<.>rcd to be runnlnlOl a 
h111hcr risk than those who rc11ular· 
ly work outdoors. That's because 
r('1tular exposure reduces the ri�k 
or �unburn, whicb may add to the 
thance nf J?elllng the disease. 

II re ... · mlle:i away, inside the 
r11nc1;d pt'rlmcter or the lahoretory 
lhnt l::rn<'8t 0. Lawrenre ind Ell· 
-.ard Teller built to help America 
hrcak into the nucll'ar age, employ· 
ecs sound phil()ropblclll about the 
pruhl<'m. Al the blo·medkal divl· 
MOn Dr. Vlraie Shore. "'h� hus
band Bernard became the lab·s 
SPeund victim of maliti111nt melan· 
oma last January, doubts the 
sur.:2estton that nuclear materials 
WC're a ra1.:tor. "We never worked 
with lllrJZc quantities of radioactive 
L'llltc>p<'S,'' 11ays the slim biochemist 
with shon gray bllr. 

sun surrounded by parts ot the 
vast array or t«bnlcal literature 
that they coMVlled dur1nR the two 
and a half years of heT biophysicist 
hu.�hand's Illness. Virgie Shore baS 
no qualms about conUnuinl! heT 
own work here. "A1 a sc1en tbt you 
a<:t'ept the ract that there are 
t•t•rtain rl�ks U111t go with your 
wurk I don't £rel In �ny part irular 
danl!•'r." 



01 •·ouri.1'. 1 a11n·r dUJ<ll'rl> Jrt· 
11111 llllhl•Jrcl Of 1n 1·ariou� l'llllllllUll· 
1111-. throuchuul lht• worhl. ,\nd th<' 
i.th 14<1� 11111<·k lo 11<11n1 uu1 lhal 1h1• 
tllhb lh:tl 14 OUI or l\KIJO l'llllllU)'t't'S 
111111111 .. 1·vt•loµ thl' santl' 1)'11<' or 
1·un1·1•r 11.·cn· unusual but nut s�mr. 
w:intly hit:11. Uul this was hilrdly 
r!':1.'\Surln11 to many rl'llidt>nts of the 
tu11.·n or "2,000. t\s slate hea.llh 

•lrriclals mu,·l'd In to study a t-ancer 
mciclcncc that appeared 10 I'll:' more 
than douhle the Bay Anoa 111te for 
ntulillnant melanoma. i1dulu in the 

' l'<'Hfll" out thl'rl' an· \'f'f\ 
;on�mus tu han• lh�' lhlll� rt:. 
'""''•ct:· Au.-1in �Y' "\\'!'·,.<' al�> 
i:o111·11 some h(l:< from II'< hntt'.JI 
1J111pl" out there 01w -..·wn11�1 
• all<'d aml told me alKIUI a iournal 
arlkll' 11.h1ch �Ul!J(CSlcd that n'mll 
len•ts or rad1nact1\·e Kr) pion 8:i 
reaL11n.I! ID the pft>!;('nce of th1• 
sun·� ullravlolet ra\·s could Ill' 
caus1n11 :in increase ui skin 1·an('er. 

A ll'3m tbrOUIZhOUl tbe1r (ll'O
r. .... \1011al lll'l'S, lhl' Short'S worked 
toecth<'r ror the Uvermore lab on a 
•:mc•t\' of proj('cU raninniz from 
bl0tod plasma llpoprote1ns to the 
lmpat"t of radloacm·e materlab ID 
fallout. 

co hO!lllilal. Unfnrtunntely, the onlY 
A'8Y to qu:11iry was hy •.11reeln11 to 
•mll�r a "•·lhnl" stud)(-5hore shml'd 
up hoplnR ho: 11.uuld be one ur lh<' 
lucky ones to receive the potentllll
ly valu:ihle dru1t. But when his l"1."4! 
worsened Vlrl(le anal}".red the medi
cine in htr lab. and determined 
Bernard was rec:elvinlt dummy pills 
- piaceboS - mste;id of thl' real 
thing. He dropped out or lmmuno
therapy. 

From there the Shores visited 
doc:ton In Walnut Cret'k, N11pa. Los 
Angeles ind other cities In search 
ot the rliiht therapy. But opera· 
tlons, c11emothcrapy. and other 
treatments railed to slow the db-

"Melanoma, of l'OUrse. is the 
ruost serious type or skin ranc-l'r. 
And the Krypton theory Is one or a 

After Shore'• CIJK'e.I" wu dlq· 
n� in 1m be and bis wife began 
contacting friends throughout the 
nation for le•ds on promising tbert· 
pies. Among those recommended 
w1$ a new immunotherapy tech
nique being tried at a San Franc.is. 

Jimmy Long (left) and DI'. Bernard 
ShOf'e both died of melanoma. Dr. 
Shont was a biophysicist at l.awrenc• 

t'IM!. The �r-Old sclentllf -
hospitalized on Christmas Da.y 1977 
and died last January 16. 

''The tbinii that was so terribly 
bard for him." says Dr. Shore 
looklnlt up from a diary abe bal 
kept of the ol&htmare, Mwas to \>8 
lamlllar with tbe Uterab&te and 
ltnow exactly what wu happening. 
We tbougbt we were doing every. 
thing, but In the end tbe treatment 
didn't make any difference. Now 
you sit and wonder tr be would stJll 
be alive bad the doctor been 
quicker about operating, � 
lnjt lob tests and putUng bJJn Oil 
chemotherapy." 

But llke D101t other rel&U.. of 
melanoma victlml ID die Uvwmore 

Uve""°'• Laboratory 

V1lley, Virgie Shore Sll.SpeCIS Uull 
the only lon11 tenn answer to the 
problem Is ldentlfylna wbattver 
environmental pollutants may be 
responsible. 

For ita put, the Jtate bHltb 
department II now p£unJna to 
publicln the 1uddea UIJl\1119 ol 
cae. In suburban 8a.y Arte COWl· 
llee. They will malce uraeot recom
mendations about the nlue ot 
earty detectlOn and redueed upoo 
sure to Intense SUDll&hL 

Over on Cinnabar Court ID 
Uwrmore, ramlll• 111cll • tbe 
Lon115 Ire Interested ID thll Ide&· 
'Ibey and thetr nelgbbon b&ve 
become eXlremely MmlUw to new 
ea.ocer C- IUC!l • a  local 7.ye&r
Old DOW belna U'elted at Stlatord 
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foe &not.bet rare tumor called 
.hlq'a urcoma. Altboug!l this 
dJleue 11 llOt �lated to meWloma. 
that fact does Uttle to � 
ttic. wbo or111D&Qy mOftd to 
Livermore ror their beeltll. 

"My busb:llld ind I are thlnk· 
Ins a.bout moving to Sacnmento 
now," says the Longs' neighbor. 
Anita Redding, wbo was like a 
gnndmother to Jimmy . .. We came 
here from South S..n fr�ncl:!co U\ 
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Response to Letter 12 

DOE RESPONSE TO LETTER FROM FRIENDS OF THE EARTH 

Appendix 18 in 'the FEIS contains a list of the principal preparers of the document. A public 

hearing on the DEIS was held on April 12, 1979. Based on public review and co111Dent on the DEIS the 

geology and seismology section was rewritten and greatly expanded. In addition, a comprehensive field 

lnvestigation was undertaken to evaluate on-site and pertinent regional geological conditions that 

might affect the safety of the Livermore site. Results of this study will be reviewed by USGS and an 

independent geological consulting company .  Thia company will also impanel a committee of seismic 

experts to review the adequacy of the study. Following these reviews, the report of the seismic study 

will be made public as a separate document, which is scheduled for publication in 1982. 

Maximum credible accidents discussed in the DEIS were selected because of their potential impact 

on the off-site environment. When such an accident involves the release of radioactivity, by 

defini tion the release occurs under the worst-case conditions. Accordingly, whether an earthquake or 

fire destroyed the integrity of a glove box, the environmental impact of the radioactivity released 

would be the same . Damaging several glove boxes simultaneously would likewise have little additional 

impact, because the hypothetical accident utilizes the maximwa credible amount of material to be 

handled at LLNL. ln the case of Building 968, the tritium involved in the release is the entire 

building inventory. 

The results of the California Department of Health Services epidemiological study concerning the 

incidence of melanoma among Livermore employees, completed in April 1980, are discussed in section 

3 . 7 . 2 . l .  

The Environmental Protection Agency {EPA) has statutory authority to set radiation guidelines and 

standards to assure protection of the public. This authority extends to federal operations , and the 

Department of Energy will adopt these EPA standa.rds as they become effective. 

Methodologies used to calculate radiation doses frOlll releases of radioactivity at the Livermore 

site are included as an appendix to the 1980 annual environmental monitoring report. This report is 

included as Appendix 2A in the FEIS. 

As noted in the Staff Statement in Response to Comments Received on the DEIS (included in the 

Record of the Public on the Draft Environmental Livermore Site, 

California) , DOE assesses potential incidents at the Li�ermore site that might affect the 

public and coordinates its emergency planning with appropriate agencies hav!ng the authority for the 

protection of the public. The Lfvermore site has mutual aid agreements with the cities of Livermore ,  
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Pleasanton and Alueda county. Laboratory e-rgency forces are prepared to notify local and county 

officials if an emergency requires off-site action . 

There are no facilities for long-term storage of radioactive waste at Livermore. The PEIS states 

that these wastes may be temporarily stored in the waste treatment area until they can be treated. In 

addition , packaged treated wastes are frequently ato'red until a shipment is accuaulated for movement to 

a designated DOB waste-storage site. 

Somewhat elevated concentrations of uranium have been detected in San Joaquin valley agricultural 

soils. However, analysis showed that this uranium had the 235u;238u isotopic ratio typical of 

. 235 
naturally occurring uranium and not the depleted (depleted in U) form used in Site 300 

operations. Further investigation demonstrated that the source of the uranium was the phosphate 

fertilizer applied to these soils. Thia aatter was not discussed in the !'BIS because the impact is 

minimal and not one related to Livermore operations. 

Section 3.9. 2. 3  has been revised to read •the range of l to 5 rem (whole body) suggested by the 

BPA for considering protective action can be increased to 3 to 15 rem by applying the guidance of DOE 

0524. Since this latter guidance specifies that allowable doses to specific organs are three times 

higher than those for the whole body, evacuation is not considered necessary.• Protective action does 

not necessarily mean an action as drastic as evacuation. Protective action can be any action to reduce 

exposure or the chance of exposure. 

The question of aultiple glove box damage was discussed in the second paragraph of this response .  

Simultaneous loss of •all the glove boxes in Building 251• i s  not believed to be a credible accident. 
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Response to Letter 13 

DOB RESPONSE TO LETTER PROM MR. LEE ARNOLD 

A public hearing on the OBIS was held in Liver110re on April 12, 1979. Based on public review and 

com1ent on the Liver11e>re OBIS, the PBIS contains a completely rewritten and greatly expanded section on 

geology and sei .. icity. In addition, a eo11prehensive field investigation was undertaken to evaluate 

on-site and pertinent regional geological conditions that might affect the safety at the Livermore 

site. Th• result of this study will be •ade public as a separate document, scheduled for publication 

in 1982. 
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�� Nuclear Weapons Labs 
Conversion Project 

War Aet11t1r1 l..19gue Well 
l:M;O Howo<d St'"' 

San F•ancuco. CA 94103 (415) 626-41978 

lletkoloy Studonll for Puce 
608 EshlomM Hall. UC lletktl•v 
&.<kolov. CA 94720 

(415) 842-41311 

Mr. W. Herbert Pennington 
Mail Station E-201, GTN 
U . S .  Department of Energy 
Washington, D . C. 20545 

Dear Mr. Pennington: 

Ecumenat Pe1e:e lnttitute 
944 MMkot Sltftt. Rm. 509 
$an F•1nc1sco. CA 94102 

(4151 391·5215 

December 18, 1978 . 

We are writing to offer our reaction to the Department of Energy ' s  Draft 
Environmental Impact Statement on its Livermore Site, Livermore California 
(DOE/EIS-0028-D) . 

The Draft Statement is glaringly inadequate in its coverage of the central 
issues of the risks of working with dangerous substances and of spurring on 
the nuclear aspects of the arms race. It  is a self-serving document designed 
more to conceal than to reveal those risks to both the government and the 
public. While entertaining few illusions about the possibilities of 
objectivity in what amounts to an internally prepared review, we were 
nonetheless dismayed by the results. This process could nave been used by the 
Department as an opportunity to reexamine the entire nuclear weapons 
development program. Failing that, there are still any number of controversial, 
intermediate range issues which should have been addressed. Instead, you 
have produced a document apparently devoted from its inception to supporting 
the conclusion that is wrong. It demands widespread public challenge. 

Please consider this letter a formal request for well-advertised public 
hearings , as well as a critique. 

Below are fourteen major areas in which the Draft Statement is insufficient. 
Under each of these summary observations are listed the most important 
unanswered questions on which they are founded . 

1. INADEQUATE STANDARDS EMPLOYED FOR DETERMINING MAXIMUM CREDIBLE ACCIDENT , 
FOR SAMPLING FOR THE PRESENCE' OF PLUTONIUM, AND FOR EVALUATING LEVELS OF 
EXPOSURE TO RADIONUCLIDES 

Maximum Credible Accident 

A. The scenarios for the postulated release of Tritium and for nuclear 
criticality are not credible as maximums because accidents have already in 
fact occured in both cases that were of roughly the same order of magnitude 
(Appendix 3C). Two previous accidents at the Lab involving Tritium each led 
to the release of 1/4 the l . 2MCi hypothesized as maxi!wn· The nuclear 
criticality scenario postulated a maximum yield of 10 fissions. One 
previous accident yielded about l/Z this amount (3-47 through 3-65) . 
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DEIS critique 2 

B. Maximum credible spill makes the wholly unwarranted assumption that 
the building air filters continue to work fully (3-65 ) .  

Serious accidents occur when there is a multiple failure of several 
safety precautions . This means the accident is less likely to happen, but 
the consequences are severe when they do. A proper risk evaluation will 
consider such cases; why didn ' t  yours? 

Responses about improving procedures since earlier accidents are of 
little relevance because -as you acknowledge (3-52)- human error is the 
mos t common origin of an accident. The one maj or e.xception is an earth
quake, and your faulty analysis of the potential damage from that event 
is taken up later. 

for Plutonium 

C .  Why was whole soil sampling rather than respirable dust sampling 
used to determine plutonium hazards both on-site (2-62 to 2-65) and off
site (Appendix 3C) ? 

Dr. Carl Johnson, Jefferson County, Colorado (home of Rocky Flats) 
Health Commis s ioner has suggested many times to DOE that whole soil samp
ling is inappropriate for analyzing transuranic wastes . His comparative 
sampling at Rocky Flats using respirable dust showed effective levels of 
plutonium as much as 285 times as high as those obtained by whole soil 
sampling. His criticism is supported by other experts, including the 
U . S .  Environmental Protection Agency . In its Waste Environmental Standards 
Program Report, "Consideration of Environmental Protection Criteria for 
Radioactive Waste" (February 1978) ,  it says : 

A greater potential hazard results from inhalation of dust 
particles containing TRU ( transuranic) materials because 
a significant fraction would be retained in the lung or be 
absorbed into other tissue. (p . 9 )  

Levels o f  

D .  There are no Federal guidelines governing exposure to Americium 
(in all forms ) ,  Californium (in all forms ) ,  Thorium 230 and Radon 222.  

Why i s  there no discussion o f  how the Lab governs the use of these 
elemen ts? 

E. There is an enormous and growing controversy over exposure guidelines 
for radioactive and toxic substances in use at the Lab (by which we mean, 
unless specified, LLL, Sandia and Site 300 ) .  In instances where there are� 
guidelines , why does the Draft Statement always choose as its benchmark 
those guidelines representing the highest exposure level? Why are the 
controversies never mentioned? 

The recent history of this controversy over exposure standards shows 
that, if anything, extreme conservatism on exposure standards is warranted; 
all changes in standards have decreased acceptable lev2ls . A case in point 
are the EPA staff proposed guidelines being submitted to the Federal Inter
agency Group in January , 1979 . Will the DEIS reflect, throughout ,  any formal 
guideline changes that result? 
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DEIS critique 3 

F .  I n  several places in the DEIS , - analysis of the impact of radiation is 
dismissed by comparison to background levels . Row do you justify, or more 
correctly, why did you not justify such action, given the fact that dose 
is potentially harmful? 

In answering, please note that the EPA has stated that simply comparing 
doses from various activities with background, finding in comparison they 
are small and therefore justifiable, is a misuse of facts.  

G.  The DEIS reports (3-36) that in 1976 all levels of radioactivity in 
the Livermore Valley were below concentration guidelines . What were the 
various radiation levels? What disputes are there over those particular 
guidelines? 

2 .  INSUFFICIENT ATTENTION TO EARTHQUAKE DANGERS 

The critique of the DEIS submitted by the Friends of the Earth deals at 
length with the inadequacies of the document on the subject of earthquakes . 
We support that critique and commend i t  to your careful attention. 

A. Why are the upgraded potentials for the area' s  faults not included in 
the DEIS? Will there be further seismological studies as a result? 

B .  There are several fault lines , including the major Tesla I Fault, 
which are shown (Fig. 9b, p .  2A-17) as magically ending at the Lab ' s  
boundaries . Will you map these faults through the Lab? 

C .  I t  is noted at page 2A-30 that the seismological analysis did not include 
an assessment of the risk of surface faulting to the Lab. This note is 
followed by the recommendation that , ,  until this risk can b e  analyzed , no 
critical s tructures should be within 330 yards from the surface expression 
of the Tesla and Dougherty Faults. What is the definition of a critical 
s tructure? Are any located within 330 yards of these faults? Are any 
located within that distance of the Tesla I Fault, should mapping show it 
to continue, more or less, the direction it is known to follow, through the 
Lab property? 

3 . INSUFFICIENT DEMONSTRATION OF REGARD FOR THE HEALTH AND SAFETY OF 
LAB PERSONNEL 

A .  In 1977, 1021 Lab workers were exposed t o  detectable amounts of 
radiation; 26 of those were"significant" ( i . e .  . 5 rems or greater) . This 
information is not in the DEIS. No information on exposure of Lab workers 
to radiation or toxic substances appears in the DEIS. Why not? 

In order to evaluate in any meaningful way the radiological impact 
of the Lab on its own people, there must be listed an annual summary of all 
exposures . Because of the impending change in the maximum acceptable levels , 
i t  is essential for this list to differentiate between "detectable" and 
"significant" and to further differentiate among "detectables" those above 
and below . 05 rems ( i . e. l/lOth the new maximum) . 

B .  I t  is acknowledged in several p laces (e. g .  3-20, 9-1) that chronic 
release of radioactive and toxic substances is an unavoidable part of Lab 
operations . Why, except in one instance (p . 3-37 in re. Building 212) , is 
there no analysis of the impact of these releases on Lab personnel? 
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This analysis is particularly needed because of new information on the 
dangers of low-level exposure. 

Why is "off-site significance" used as the only risk criterion? What 
about "on-site significance"? 

In the analysis of the ARMS flyover (2-66) it is asserted that of the 
11 radioactive spots targeted by the flyover, "None of these represent a 
radiation hazard to workers in the area . "  Where is the evidence to support 
that assertion? 

In the analysis of dispersal of radionuclides by testing activities 
at Site 300, the claim is made (2-66) that debris scattering is confined to a 
radius of 500 yards and thus " • .  the areas affected are well within Site 
boundaries and the uranium levels observed constitute no health hazard . "  
Why is no evidence offered to show that the debris is in fact confined to 
a 500 yard radius of the firing tables? Does this include very small 
particles? Why is no evidence offered to support the assertion that the 
uranium debris constitutes no hazard to Site 300 workers? Why is there no 
mention, given the public controversy caused by Site 300 guard complaints,  
of other radioactive and toxic substances that may be hazardous to 
personnel at Site 300? Why is there no analysis of the environmental impact 
of these substances? 

In answering, note that elsewhere in the DEIS (3-36) it is stated 
without analysis of impact that tritium, beryllium and uranium have been 
found in amounts exceeding natural occurence in the tissue of plants and 
animals taken from Site 300. 

C. In the section entitled "Accident Analysis" (3-47 et seq. and Appendix 
3C) there is neither acknowledgement nor analysis of the dangers to Lab 
personnel of accidents having "off-site significance". Why not? This includes 
both hypothetical analyses and the actual history of accidents. 

D .  Why is there no discussion of accidents· at the Lab which had on-site 
but not off-site significance? Documentation of three such incidents is 
attached at the end of this letter; they describe accidents never reported 
publicly. Other such accidents have been made public but none, of either 
variety, are discussed in the DEIS. 

E. Why is there no acknowledgement or discussion of disagreements between 
managment and workers over health hazards? Management ,  for example, 
investigated ways to fire a Site 300 guard in 1976 because he complained 
about the accumulated beryllium around the firing tables . At about the 
same time, management refused to relocate an employee who was diagnosed as 
marginally leukemic from exposure to benzene on the job in Buildinz 345, 
apparently because to do so would have made legitimate his workmen 's  
compensation claim. It  took the intervention of  Congressman Fortney Stark 
to have the man assigned to other work. 

F. Why is there no analysis of the possibility of contaminated workers 
carrying radionuclides and toxic substances out of the Site on their 
clothing and bodies? At this juncture on and off-site significance 
blur, particularly in regard to the families of exposed workers. 

G. Why has neither DOE nor the Lab pressed the State Office of Health 
Services to get their s talled study of Melanoma and other cancer incidence 
among Lab personnel moving again? Can it be that neither DOE nor the Lab is 
interested in the results? The cancer study is an essential part of the 
DEIS ; health officials say that, given the people they need, they can have 
the study done in a matter of a few weeks . 
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H. Has consideration been given to suspending operations in Buildings 
251 and 3 3 2 ,  noted by the DEIS as requiring upgrading o f  their effluent 
control systems, until such time as the improvements are in place? 

4 . INADEQUATE ANALYSIS OF THE IMPACT OF TRANSPORTATION AND STORAGE OF 
RADIONUCLIDES AND TOXIC SUBSTANCES 

A. There is no approved permanent site for the disposal of plutonium 
and other transuranic wastes generated at the Lab . What disposition is 
made of these wastes and under what authority? How long are such wastes 
kept at the site? 

B. How much waste is generated annually? 

C .  Why is there no analysis of the impact of the solid wastes buried 
at Site 300? Is the assumption made that because the policy on burying 
solid wastes now prohibits using Site 300 that there is no continuing 
impact from the wastes already there? When asnwering, please note the 
reference made at 3-36 to the discovery o f  tritium, beryllium and uranium 
in tissue of plants and animals taken from Site 300. 

D . Why is there no listing in the DEIS of all radionuclides and toxic 
substances currently on the Site? It is impossible to analyze, or to 
evaluate an analysis of, the radiological impact o f  the Lab without 
knowing what dangerous material is on site. The public has a right to 
know the extent of risk, and that is based in part on amounts of each 
substance. Please include average annual amounts as well. 

E. What are the total amounts of radionuclides unaccounted for? 
What amounts are unaccounted for in 1977? What are the explanations 
for all the missing amounts? 

F .  Why is there no summary of the releases of radionuclides for each o f  
the Lab ' s  years o f  operation? Such information is essential for evaluating 
radiological impact. 

G. Have there been any security breaches permitting unauthorized 
access to radionuclides? If so, please list them. 

H .  ' Why has there been no search made for evidence of possible low
level emissions from trucks bearing radionuclides to and from the Lab, 
and on roads used for intra-Lab transfers? 

I .  Does the Lab plan to resume routine air transport of plutonium 
if and when the container tests are satisfactorily completed? Will there 
be tests made of the container by any agency independent o f  the NRC and 
DOE? Have there been any non-routine plutonium flights in the past 
eighteen months ? 

J .  Has there been disclosure to officials in all counties through or 
over which the Lab ships radionuclides? What is the frequency of different 
kinds of shipments? Do each of these counties have emergency plans for 
dealing with an accident involving one of these shipments in the event 
containment vessels are breached? 
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S . INSUFFICIENT DESCRIPTION OF THE SAFETY AND MONITORING SYSTEMS 

A. Gaseous radioact�ve elements escape routinely through the stacks ; 
the HEPA filters cannot stop them. At what size particle does a HEPA 
filter become 50% effective? Why is there no evidence of a particle size 
analysis of stack effluents in the DEIS? 

B. What happens when an earthquake upsets simultaneously the filter 
balance of each HEPA filter at the site? How much material gathered by the 
filters could be expected to escape into the atmosphere? What is the 
maximum credible accident under these conditions? What level of escape 
of various substances is required before the site is evacuated? 

C. If sewer effluent becomes contaminated and is redirected to storage, 
how many minutes of storage are available before the contaminant must be 
dumped in the Niles Canyon sewer? I f  the contaminant is very dangerous , how 

c.� longhthe effluent be stopped before cooling water supplies would be cut off? 
With the sewer diverted to holding, is the working population evacuated 
from the site? 

D .  The Lab ' s  sewer effluent monitoring station, which is located in the 
southwest area of the site, is in the immediate proximity of the Tesla II 
Fault. What protections does the station have against disruption by an 
earthquake? What additional protection do the back-up systems have? 

E .  How long has it taken to detect and to report ta st_ate authorities 
(and to relevant county authorities) each contamination incident that has 
had off-site significance? 

6 . INADEQUATE DESCRIPTION OF THE EMERGENCY RESPONSE PLAN 

A .  The DEIS.bes not give enough attention to the emergency response plan 
(Appendix 3B) . Because of the earthquake potential and because of the 
possibility of ma.ximum credible accidents larger than described in the DEIS 
it is essential that the Plan include the surrounding communities . What 
Emergency Response Plan is there for local residents? Are there only the 
Plans prepared by the local communities themselves? If s o ,  they are 
hopelessly inadequate. For example, the City of Livermore ' s  Emergency Plan 
(November 1977) has but two pages in an appendix devoted to "Emergency 

Actions to be Taken in Incidents Involving Radioactive Materials"; these 
pages are devoted solely to small incidents involving no consideration of 
possible evacuations (p.43 and 44) . 

B .  Why has no Emergency Response Plan been given to all local residents 
within ten miles of the site? Why are patential homebuyers in the area not 
routinely alerted to the possible risks caused by the presence of the Lab? 

C .  !�'hy is there no evacuation plan for the area? I f ,  in the event of an 
earthquake and a maj or release at the Lab and blocked transportation routes, 
what contingency plans are there to protect personnel and area residents? 

7.  INADEQUATE DEMONSTRATION OF REGARD FOR THE HEALTH AND SAFETY OF PEOPLE 
IN SURROUNDING AND MORE DISTANT COMMUNITIES 

A. The DEIS notes at 3-20 that radioactive and toxic liquid wastes are 
poured into the Livermore municipal sewer system through a process of 
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controlled dilution either at the site or, if that fails , by gradual release 
from segregation tanks in the municipal system. What are the containment 
limits for effluents put into the sewer system (3-19 and 20) ?  

B .  Reference is made on the same page (3-20) to options in the event of 
a release into the municipal sewer system. What are those options? 

C . The DEIS reports confidently at 3-37 that the Livermore Valley makes 
a negligible input to mans ' food chain. The Valley ' s  contribution to 
California's food chain, however,is not at all negligible. For exampley 
sizable amounts of wine (Wente Brothers and Concannon vineyards are both 
located within a few hundred yards of the site) .The Valley produces a good 
deal of honey. Bees will roam up to two miles in s�arch of nectar, and those 
in the area of the Lab have access to the grounds.  Have there been analyses 
of the wine and honey produced in the area? 

D .  There is no mention or analysis of the impact of Lab activities 
conducted off-site. Why not? Obvious examples are Lab-sponsored atmospheric 
tests in the Pacific and the impact of low-level wastes dumped by the Lab 
off the Farralon Islands. 

In a separate category are the Lab 's  atmospheric tests at the Nevada 
Test Site. There is an Impact Statement prepared specifically for the Nevada 
Test Site, but a summary of its findings belongs in the Livermore Statement, 
since responsibility for the tests lies with Livermore. 

8. INSUFFICIENT ACCIDENT ANALYSIS 

A. What criteria are used in evaluating accidents (Appendix 3C) to 
determine whether or not they have off-site signifcance? Why are these 
criteria not in the DEIS? 

B .  On page 3C-3 it says , in the description of an accident involving the 
release of 300,000 Ci of tritium into the atmosphere on August 6,  1970: 
"No dectable doses were received by the public . "  On what evidence is this 
hopeful assertion based? 

Analysis of Lab sampling stations (assuming they showed no detectable 
presence of tritium) is not sufficient for such a statement. 

9 .  INADEQUATE INFORMATION ON PROPOSED ACTIVITIES 

Are there plans to undertake transmutation of heavy radionuclides at the 
Lab? If so, why is this not discussed in the DEIS? Transmutation generates 
enormous quantities of relatively short-lived radioactive waste which , if 
conducted on any scale, increases the hazards to personnel and public . 

10. INCOMPLETE ANALYSIS OF THE IMPACT OF OTHER LAB ACTIVITIES 

Why is there no mention in the discussion of the benefits of laser isotope 
separation and laser fusion technologies of the centrality of tritium as 
a plasma (a negative impact) and the production of plutonium as an inter-
mediate step (another negative impact)? Why is there no mention of the weapons appli· 
ca t�ons of laser fusion or the proliferation potential of laser isotope separation? 

11. INSUFFICIENT JUSTIFICATION OF CONTINUED NUCLEAR WEAPONS DEVELOPMENT 

A.Why is there no discussion in the DEIS of the merits of further nuclear 
weapons development and of the impacts of that policy? 
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When answering please attend to the following two points : 

1 .  It has been held by the Federal courts in a successful suit 
against then-Secretary of the Interior, Rogers Morton, tha t ,  under the 
National Environmental Policy Act, the absence within an agency of the 
ability to implement a force of action does not excuse it from an 
obligation to explore the wisdom of the course ·of action. 

2 .  The Department of Energy has in the past formulated its own 
position on nuclear policy, which was at odds with the Administration. 
For examp le, Secretary Schlesinger and the Lab Directors (Agnew and Batzel) 
have openly opposed the proposed five-year Comprehensive Test Ban Treaty. 
A Post editorial dated September 28, 1978 charged that the 
Labs have "led" a "brass knuckle bureaucratic" battle to beat down the 
Administration ' s  position. 

B .  Why is there no discussion of the effect on the maximum credible 
nuclear exchange (My God, what a euphemism! ) as a consequence of further 
weapons development? What are the probabilities of such an event ? Why have 
they not been calculated as the probalities of a nuclear accident at a power 
plant have been? 

12. INCOMPLETE ENVIRONMENTAL TRADE-OFF ANALYSIS 

A. Under costs: 
1. Why is there no mention or discussion of costs stemming from the 

fact that the Lab, and thus the whole Valley, is a prime target in the 
event of nuclear war? 

2. In calculating the costs of moving the Lab or portions of its 
operations, why is there no calculation of the potentially offsetting 
savings from not being sued in the event of a large accident contaminating 
Livermore area residents? 

3 . There is a reference to potential job loss but no discussion of 
the alternative of a job retraining and relocation program. Why not? 

4 .  Why is there not inclusion of the sizable costs to the state 
and local j urisdictions incurred because of the Lab ' s  presence? 

5.  Why is there no mention of the adverse impact on cot1D11ercial and 
residential development attributable to the Lab ' s  presence in the Valley? 

6 .  Why is there no contingency planning mentioned as a cost and a 
reality? Is there no contingency planning to address the Lab ' s  future in 
the event of a large accident, OY hopefully more realistically, the 
passage of a five-year Comprehensive Test Ban Treaty? 

7 .  Why is there no analysis of the opportunity costs to the region 
of doing military work at the Lab instead of research for civilian purposes? 
S tudies by Chase Econometrics and researchers at MIT and the University of 
Pennsylvania have shown conclusively that, compared to military investments ,  
almost any kind of inves tment has greater multiplier effects ( i . e .  greater 
income production and more jobs ) .  

B .  Under Benefits: 
Why is there no analysis of the benefits to personnel, to the 

surrounding cot1D11unities and to the rest of the nation of conversion of the 
Lab to civilian, peaceful research? 
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13. INADEQUATE CONSIDERATION OF ALTERNATIVE PLANS FOR THE LAB THAT WOULD 
MINIMIZE OR ELIMINATE EXISTING HAZARDS 

A. Chapter Five of the DEIS eloquently testifies to DOE and Lab disinterest 
in alternatives to the status quo. In it,  four alternatives are considered 
in the space of three and 1/2 pages , four alternatives exam.ined�the space 
of twelve hundred words . Why is the analysis of alternatives so inexcusably 
scanty? 

When answering this question, keep in mind• that the 
National Environmental Policy Act requires the following of each Impact 
Statement :  

A rigorous exploration and factual evaluation o f  the 
environmental impacts of the full range of reasonable 
alternatives to the proposed action shall be presented . 

(10 CFR 1021 . 41 (c) ( 8 ) )  

14. NO OUTLINE AND EXPLANATION OF THE PRtlPARATION AND REVIEW PROCESS 
FOR THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

A. Why is there no description of the employers and professional 
backgrounds of the people who prepared the DEIS? To what extent was the 
draft prepared by Lab personnel? 

B. How was the existence of the DEIS advertised beyond announcement in 
the Federal Register? 

C. On what basis will decisions be made on whether to hold public 
hearings on this draft? Who besides respondents will be informed of that 
decjsion? Who will make this decision? When will it be made? 

D.  On what basis will -decisions be made on whether to heed particular 
criticisms of this draft in the next? 

E. Will the next draft be the final draft? Who decides/ On what basis? 

F.  What agency actually checks the Lab to determine if the Lab has 
overlooked the danger of some activity beyond those reported in the DEIS? 
Will, for expamle, the Occupational Safety and Health Agency be permitted 
to survey the site if  it so desires? If the answer is no, do not rely on 
national security as a reason ; virtually everything except the formulas 
for constructing weapons are supposed to be unclassified, leaving more 
than ample opportunity for an independent survey that does not threaten 
exposure of classified information. 

If you require clarification or elaboration on any of our questions and 
comments , please call . 

Si#W� 
Riggan 

for the UC Weapons Labs Conveislion Project 
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TO: 

FRCN: 

SUDJECT: 

Roy Mullins 

Hazo.rdfi Control 

Dust Blow·•In at Bunker 312 

LIV!!RMORC:: u.w�c�;c£ N\DtATIO�-: U.E:O:V.TO:t1' 
ROOM:l44 lll.00.: 3/.&. 

Site 300 

June 29, 1966 

On fi'ricl"Y Jun� 1'(1 1966 Hunk�r :SL� l'irt�cl o. \1n1-yllhun-lrulc!n 11hnt. whlch hlcv 
out a Ctl111ero. port and blew dust 1nt.o the cwncrrl roo:n nntl the nc.l,lo1n1ng 
arena of the bunker. Because it was nfter 4 : 30, Bob Andcroon nnd the crev 
merely closed up shop and vent home . The following Monday morning Lee 
came to our office and requested Hazards Control assistance in cleanins up 
the potentially contaminated dust. IIo\lever, upon arrivol. at 312 it •ms found 
that the custodians had cleaned up the area, without the beoefit of being 
a"1are of th� potential hazard. Leroy Haverty took some S\lipes at the.t time . -

1111 S HlfD .LC///6-
• li'c"1UllED St#Cc Aa it turned out the custodians, George Saabye and Henry n�e�er, did not 

receive An npprecinble berJlliwn expooure . AnalyaiG of the &wipes revealed 
no bP.rylliwn, the· cuGtodiano notccl no excesaivc amounts or duot, nnc! pro-per 
cleanup method:i were uae<l.. Uowever, thi� doeo not negate the fact thnt the 
312 personnel �ere remiss in not notifying anyone of a co�dition which muat 
be assumed to be dangerous. Procedure 301 states that any duGt ''blow-in" 
should be reported to Hazards Control (which they did a� first opportur.ity) . 

they should have either posted the area vith signs or noti.fied either the patrol or the C & M office. 
:) W !- p  CHeCl(e]) 8utL.l>lfJ(;, t;t;Follt: CU:ANU� J.141) SP!..e€,J R�Pf•th.= o J.,cHr '' eM ? - 1'°17 .<. 

It is fortunate that this slip-up did not expose aeyone to ha-:ardous co�di
tions . I trust that you v:1l1 remind your men that part of their responsioility 
is to "think safety". 

SLD:jms 

cc: B\lllker Supervisors 
Ve:-n. Johnson -.:.S-
Joe L1pera 
File 

C....--::e,..� �J. � J-' 10'. � d {' l'I\ • 

10-114 

Stanley L. 
Ha.zard.3 Con-crol, Site 300 

mrmoRANnum

But
/-----4Folice

e"--......; 1,:i

.-)"4y%.. v v;. ,......,t'.,



LRL ACC !DENT INVESTIG/\ TION nEPORT 

FACTS RELATING TO THE ACCIDENT 

Accident Clo.sst!lco.tlon 

x TYlil? ,\ ____ Ty"Po a ____ Type c ---- Type o Bide. 

Lociltlon of Accident Firin3 
Room Table Arc:i ----

ite of Accident 6 No•rember 1970 Tlme 0930 Department Involved B. J>iv. a.nd P.E. Oper. 

ituro of Accident: H llOPrOPrlate: description O( Injury, Whllt CDUHd the lnJury, what coueod lhe dalll!lce, wha.l 
m11terlal or condition wu aeeoclatod with tho accident. 

• 
No injury, no :property damage incident . Sane interna.l radioo.ctive contaminatio:i 
to personnei not exceeding guide values .  

ctlon ta:ten lo cnre ro� person e.ff'ected. 
Rad. Saf'ety directed that nose swipes be taken, whol.e body counts be made, and 
urine samples coll.ected. 

ctlon taken to prevent Curther lnJuriea 

Area isolated until decontemination complete. 

ersons Afteeted 

Name Function In Area 

U..bert T. Harris Facilit7 Supervisor (B-Division) 

·iar'Vin �oster Facility Laborer (P.E. Oper) 
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Possible radioactive 
contamins.tion 

" " 

Dspartmong Involved B. Div. and P .E • Oper. .

[Include 1 hazardou 



' P i•:oe\'fl11lt1111 M lht• C\('.r. id�nt n11 1• sLnb l ls ht"d lhronr.h lnLr.rror:ntlon of thoiu: Involved, 

"'"I wlt 1w:111I':\; 11\J�orvntlnn o C  tho ncrcctR nnd nny rn rtlnc nl mcn1111rornc11tR: 

n1•1• 1\1. l.l\cht•tl 11  l.1\l.c�ment Cron A. ·r. Harr 1 o 1lntr�tl Nov. 9 which d<:r.cr l b�n hO"..t the 
incltlt"nt took plr�cc. The JlC Arco. Rep received the co.11 from A .  lillrric o.bout 
9:1�0 AM on ll-6-79 a.nd reque:; ted the Haznrds Control Monitor (R. D�cker) to 
respond to the buildinc to examine the situo.tion . Af'tcr �izc-up, th� Monitor 
notified R�dio.tion So.fcty a.nd the HC /1.Xco. Tc�� Office of the citU£1.tion. 
Control a.r.d clca.n-up procedures were initio:tcd. About 10 lbs of D-38 was 

fou.'ld (frc::n the ori�ina.1 84 lbs ) .  It wo.:J properly po.ck!lged and sent to 
Livcnuorc for ho.ndling by the HC decontru:rlno.tio� section as progrD.m:llAtic 
personnel wo.nted the meto.l. back if poc�iblc. 

Hu:rris o.nd Foster were sent to the whole body counter a.bout 2: 30 P .M. (11/6) • 

R. lCloepping (Rad Safety) notified the Area Rep about 4:30 that: 

(a) Foster showed a nose swipe count of 45 d/m beta and 15 d/m e.lpha while 
Harris showed .a, nose swipe count of zero. 

(b) The whole body C?Wlt results were
4

n�o.tive for both men. The limit or 
sensitivity was 2 mg or 6.6 X io- ,uCi. One whole body is o.4 µCL 
One MPB for the critical organ (kidney) is µCi. 

On Z.!ond.ay morning (ll-9) , Rad Se.fety called and requested ur�e &Cll:lples be ta.ken 
fra:i both men. The HC Monitor ma.de arrc.ngements to procure the se.mpleG and they 
were submitted to Medical far analysis. Urinalysis results were negative for both 
people. 

IJlstrlbutlnn: 

Director' s  Office -Ass ' t  for Tech. 
11.c. Dept. Head (2) Ope • 

All Arca �r;:rcsentollvea (l each) 

lndlvldu�l(s} lnvolYed (1) 

tnd1vldu&l's Supervisor (1) (R. Anderson& 
Field Subpart suoe"laor (1) C. Humphrey) 
Dlsctpllne Lea.de� (1 each) 
F .  s .  Eby nr & sup Qrp. 
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Signed  't 1 ctif f•I _ Date  it—

Hazards Contro Area, Team 5, Monitor
ve•k/

Hazards Control Area Team 5, Health Thy.

B. Div. Senior Supervisor

nt.-2374 (m.3/70).

11- 17-70

//- / 3 - 70

„,.;„ 
8 Grp. Meld °I Airs%



November 9, 1970 

On November 5 in the early evening , Shot 651-AN waD fired at Buildinz 851. 

The ramrod on the shot was Robert Poor. On November 6 o.t about 9 : 30 A .H. , 

M. Foster nnd I were attempting to locate any pieces of metal from the chot 

by searching the firing table. Rain was falling et intervals during the 
night and in the morning. The table was muddy. We noticed o. 4" hole in the 

bu.nk in<lico.ting a metal fragment could possibly be buried there. After 

Foster cleared sane of the dirt o.wo.y we could see a piece of metal. Fo�ter 

moved it using gloves and we noticed sparks come off the material. FoGtcr 

stated the metal felt hot when he touched it and he noticed a peculiar cdo:-. 

At this point we left the table and I called He.zards Control to sc:=.e 
o-'19 

burning uranium'on the table . 

A. T. Harris ,  B-Division Facility 

Supervisor, Building 851 
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,oc�tlon or A c cident: 

LrU. ACCIDENT INVESTIG/\'flON HEPOftT 

CONCLtJSIONS AND nECOMMENDATIONS 

Bldtt. Room Firing Table Arca. 

>ate cf A ct:: ident November Time 

:iture or Accident: 

No injury, no property damage incident. Same internal radioactive contamination 
to p�rso:inel not exceeding guide values. 

:onclusions: 

Was equipment suitable and appropriate? · Yes 

Yes 
Were operatin1 insbuctions adequate? 

Did employee rau to follow an eetabliehod procedure or violate .aaret1 regula.Uon e ?  ?lo 

Based on the tacts esta.bllshed during the investigation ot this accident, the conclusions reached regarding 

the cause are: 

By disturbing the wet earth cover, a piece of burning depl.eted uranium was exposed 
to the at:nosphere. The movement of D-38 caused a rel.ease of the oxide previously 
for::ied and initiated apa.rk1ng and further burning and additiona.l oxide release. 
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nECOMMENDATIONS: 

The chnni:cs rccornm<'nri<'tl lo prevent o. rocurrcnco or lhlR ncctdcnt nrc: 

Half-m�sk respirators should be carried by personnel durirlG recovery operation after 
n shot involving D-38 or other radioa.ctive material.. The respirators should be vor:i 
'1hen the p'!1:fsic!?.l condition of the material is unknown e.nd there is possibility of 
inh:llaticn. Site 300 Procedure 3c6 will be revised to reflect thia char.ge. (B-Di v"isicn 
�d Ho.:ards Control) 

. Di�trlh1Jtlon: 

Hrcctor ' a  Office ( ti.r.n ' t . for Tcr.h.  
i i.  c .  o�pt. 11cn11 C?l .Opu · ) 
JI.II ArC?:l Hl'PrcscnlQUves ( I  CQCh) 
tn-:!lvlduQl•s Supervisor Cl)(R. Anderson & 
f\i?ld 5u;>port Supervlaor (1) C. Humphrey) 
JlsclpHne l.eQders (l each) 
F .  S .  Eby 

�l·2574•1 (nEY.3/70) 
Fleld 

t'f; Rep. 
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Investigating Committee

Signed 
„1__ 

• 4.LJ .nnte  r3 t-• 76))
zartia Cont5ol. Team 5 , I•lon Lor

y/- / 7 - 
Hazardc C ont nal T CD.21 0•7'1,dV-ZET711Ey.

pe-t-Z.- CU 441,- , //- - /3-7r
B-DivIsion

Released:// 7-4_7 

H.C.D HP Ai Sup Grp. 6 Grp.

.":11

//
Seet. Area

11// 



On �art��bor s ,  l9G2 n t  1 1 1 15 houra n rndjoncttvo nrill occurr�i! on tho f 1 ri�7. 
/ . . 

tilbla of Dunker 3 5 1  in conjunction with Ghot �CJ134o-:j Tho cpill lnvolv�d t :�� J�-
·-... . .  ,,,,,. 

c tdont�l ro loaoo or nppro� imatoly 1000 curio� ot rodio�ctivo e�o (Xenon 133 ) .  

rtvo p�oplo wora preocnt on tho f tring tabl� n t  tho t im e  or tho Gpill. 

Thao� pc:opla �rOI 
l .  w .  !loycr :J Bunker �upnrvinnr 
2. w. ftrunun ond Hachanic�l CnRlnoor 
3 .  c. Lendo Hcch�nlcal Tochnici�n 
14 • w ;  llil?.ooen H<izardo Honi tor 
s .  K. tllia - H.iznrda Monitor 

Th• a�" �aa brouRht to th� firinR table in a spacial container oqu1pp�d wit� 

t"'° aqu!b o�rattd valvoo in parallol n e  ohotm in the picturo below • 

... ··--- - - -·----·----·- - - -

The vclvea had been installed in Livermor� , th� squiba rs:ove<i• and tho Gystec 

laak checkod prior to tilling. This �ork wa� donG by mechanical tochn!ciano undsr 

the supervision ot the project on�ineer. 

Th• aaaC!nbly vaa then ocnt to to be tillod with th• Xonon. Ourins -------

this operation, the holes trcm which tho equibs had been previously r«Doved �r� 

erronoualy tittad with pipo plugs .  

Thg volvoe conoiot of � otainlo�a otoel body with inlat n nd  outlo� porto 

(Darked on volvo body)i G Ddat• which conoiatQ ot a aol1d pcrtion of tho v�lvo body1 
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Tho xonon and caaociatod Ronr woo chipped to tha Sito tor �ho r.hot, \!"i.on ��o 

tioa orrl'lod to ro-lnotnll th3 aquib3 i n  tho lr propar loc<ition • tho on;\1nocr bc�on 

to Nl�ove on ot tho �luao in ordor to lnotall tho cquib. Ho mint�konly r��ov�d 

tho pluR, so that tho opening vontcd th� proncuri�od �oo t o  n�os?horo. 

S!nco tha oquib hed boon r$T\lovod and roplocod by o plug ldontic�l to that on th� 

othsr �id�, th• proper loc�t!on of tha oquib woo net obviouo .  Tho ana1nQar ��do 

th� vrong choico. 

Aa ooon es thoy ho�rd eaa ruohing out, �ll porconnal movod awDy trc:o tho 

volvo and procoeded immediatoly into th� bunkor. All bunkor p�rnonnol wero �uot-

orod ins1do and th• blast dlll'Dpora cloo�d to aoeure that tho goo \tOuld not ba 

drAwn into th• bunkor ventilleting oyotCD. Ho��rda Con�rol , D Oiv!aion (L. trickGon ) ,  
Control Point, and Polico �ro notified, and oll trcttic to end tr� tho buildins 

Hazarda Control began monitoring tha araa downwind free tho contain4r. At 

the end ot about th.""1te minutes the 1lat1v1ty waa found to bQ about tw ar/hr. rrc::l 

those rnoasuremanto• ve concluded that. there would be no d�ngor to othe� on-�itc 

peruonn•l9 4nd cortainly no danger et oft aite locations. 

By 1200 hours tho ectivity noar the gas valvea vaa measured ot l.S R. Wa 

.Sacided Olazarde1 l1ay11rs9 and Erickson) to leave the bunkor secured until aftor 

luneh to allow th• octivi'ty �o decrease further durinz tho lunch period� The are� 

v�3 roloa�3d tor s•naral tratt1c1 but the tirina tabl• of Bun�or 351 y�a lcf� nee-

ured. 

At 1300, J. Mayhew artd L. trickson arrived ai tho bunkQr. Artned with s�it��l� 

=atora, vo proceedod to the tiring tablQ with v. Mayere �nd w. Bru:m'locd. The 

activity near th• �ulva woe laao th:in l R/h�. Th� plu; tisht�n� �r.d tho gao 

Goccmbl1 waes movod to ths �rdoZ' cf tho t'lrin3 toblo aroa and ;n�rked with a''r!:c!lo- • 

• t:..,<..: 
eativo mot':lrial" oign, T ;.,,Co• />,,,.., . ,,,-

/ . , .  (.,.:tJ Tl\Q tiring tal>lu vaa then reloaatd tor normal activity. ,..<.···"�� 
) .. J .---;:..� - 1,-;-"l.4• •. >r 1 <'>1 -10-121 , , ,.� }. JI·"" _ 3 · '"'  (Pege 2) 4'Yt:"' e- ·, s I t:>  F1·tt�· 1•1.-l� • 7 o ,,, 

plug.

wron

wa 3 Stopp ed .

The flrins table vas then releaead for normal activity.
• tr 4 - 1̀1\, --C49 d -

i': -q, "L."

7 /- . 
.......m.,....ovh:
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l, DATE : TIME: 15 

2 .  EXPLIU.MENT NO , 

3 .  

4. 

UOTIFIED: 

(RJ Uo.:a.rdo Control Date Time _ll�.20 
Ci] B Diviaion/w. Division · 

II .. II 

(X] Control Point " II 

Li] Police " " 

D McdicoJ. II " 

0 Mninteno.nce Mo.chiniat ti II 

DESCRIPrION OF INCIDENT (Wha.t Happened) : Shot U5Cd vc:>scl of 

Xenon 133. Two were installed on vessel (as Projec� 

en?,ineer removed wrong from valve the to The 

five involved in this to the bunker. 

All in the 

above 

5• WHY DID INCIDENT OCCUR? Project engineer was uncertain as to what plug to 

remove from valve assembly. Bunker did not have 

of the valve. 

D1otr1bution: B Div1oion/W. Divioion Rep. 
Hazardo Controi, Site 300 
Project Phyaicisto/Engineer 
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1NCIDU1T BLPORT

9-5-62 11:  LOCATIOU:  351

q -5

1 1 • 20

I I.: 1?

X"  11:22

high prcssure

squibs per photo).

plug body allowing gas escape.

persons operation immediately proceeded

personnel bunker were mustered inside, blast dampPr rInc('d 

groups notified,

5. AY DID INCIDENT OCCURT  Project engineer was uncertain as to what plug to

supervisor thorough knowledq,e

SUPMVISOR



TOI Jim D1\t1� 

i"rHl·h W.lll.lwn 0Ntcgut?\ 

mm.Tr.CT& Acc1��nt�\ Xcnon133 Rolcaca 

\ibile cottlt'\{.t uv t.J'f' Dh�t. 984-D3 o.t 351 on B�\1t�z:&b;H" 121 1962 t.� vrv�lf'.': 
pltl,\': \r.\O �:::.>01\Jd• rol(.•l\OiQG 25 cu:-ir,-u or Xol3J, � t'UJn b11cl.::c 1-ct..dl:i.;:tJ 
ran�r.J. fl"CID 30 to 70 mr . ,  p!\rt. ot vhiah rxJ.� b.'J attrL\lut.ud to t.ha set.tin.-� 
u�· or thi' eho� . 

'Th'l 1n:1U.�nt (') ::CUM'cd. c1u1J to � r.ontuslc-n uve'l" Vh1'J� ot tll� ;1lu.::o t" ,..c 
ci.:>vll tv":" tll.l nttllr.hr.t'mt .:ir t\ Squib (cnq1loo1w ) v:U.v11 . n.:m:lll.l:t t.!\C O:ll) 
of t�\� t..,..:> r.tu(.'.is i tt  1-.:rcoYcil Nl 1  -:O"'t� r.:!.i \litb t�:io ao tl:v1.t th•.! ���il�� ,-,r 
rar:t.Jvln.� A Vl"oncr vl\1'; h�usn 't extatod. 1n the p:tct • . 

'Th� plu_ea .1n qu11ot1on n:"O in 1' four o-.itlot Junr:·t1ou blod< vW c:b h."\G 11 
diai'h•u� aopl\C"tlt1cg thll .outlatc 1nt.o p111ro. (\lh�n con."lci:toi, t.ha .. h:>t" 
niuo h�� � plus n.ud th.3 inlc� tublnJ?,; th� col� aid.l bas thu O\ttlo� tub-' 
11111\ tM 0'1\Ub v'llvo . ) 'r.lo pl� had en "O" r1nc; 'tHll Vh1ch <11<.1..'l 't leo.:r. 
unt.1l rc:novod. nal thr:n thtl ecus r�loo.o·nl with a. '"woo"li'1 • 

To avo1i1 "' rc.?;..r;!t1t1 vn ot this lo :1 ·"1.:nt it r.,,,u1.tl 'br. v1.c.1 to C::)X:Si :i.:!"' i:.�rk
ir.� tlH Jun�tion blo.:k ln -pn.1rc Cla A - A., lln'l Jl - ll oo th11t t.h"n� 1c  nn 
extl?rn,,l •t1 e11.:�l 1nrUc�t1on n.s to t�o lnt.•1rn:U �on11$'.1?'u.t1o:l of t.h·:i ir..iJ.vi• 
1.u:l.l blo�kJ or Bill Bruw:l-;:>nc1 CNJ!g:lot.e1. c�t:"t.!nti� tb-2 hot _plug in to 
:;H·.-, von t. ·'.l•':C 1:!.c. n to.l. r�:r..Jvo.l.. 

It. o.l.n1.> l'ula b!cn r.U&t.;�Gto.:l �'ti tb::a "il1.,la tbi.na 'c>J booked up ( in�luJ1Ct; 
t.be Sfl\lib a.nd 25 tent. o: cutlet tubing)-·bof'oro f1U1ns tho c:rlind.or vit.'\ 
�r.a. T'.nla vc.-uld �l co p:-a"/ent CX).�auro o llhilo ll4dtng tb.::: �ei thin&a to th:J 
hot �/lbdt>r on tho �� 4t 300. 

CCJ 'i:/a.'l.ly H� :trJ ro 
Lo no:r C:rinY.oo� <� 
D11l Dru::::�nd 
J�hn �..ilil.0011 
Jol-\n Balancia 10-123 
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Response to Letter 14 

DOE RESPONSE TO LETTER FROM TllE UC NUCLEAR WEAPONS LABS CONVERSION PROJECT 

In a letter of April 16, 1979, from w. Riggan to R. A. Ou Val several questions not addressed in 

the Staff Statement were restated. Responses to these questions were as follows : 

lB Maximum Credible 

244 
We do not believe that the spill of 15 g of Cm and the failure of the filter system, 

regardless of the cause , are credible simultaneous events. However, the present building filters in 

Building 251 reduce airborne releases by a factor of about 2 . 5 .  Procedures now in effect for this 

facility limit the quantity of material removed fron storage to 30 Ci (0.36 g 
244

cm) , a quantity that 

is only about 2t as much as postulated in the maximum credible accident. oue to this operating 

restriction, even loss of the filters and the release of 30 Ci of 
244

em would not result in radiation 

doses exceeding those in the OBIS. 

lC Soil 

As noted in the Staff Statement, it is difficult to relate respirable particles in the soil to 

respirable particles in the air. Consequently, we believe the respirable dust hazard is best evaluated 

by air sampling. It is our opinion that air sampling combined with whole soil sampling provides a 

better assessment of possible risk to plutonium exposure than measurements of respirable plutonium in 

the soil. 

10 Federal Guidelines 

Guidelines for exposure to americium, californium, thorium and radon are found in the Code of 

Federal Regulation 10, Part 20, •standards for Protection Against Radiation• and DOE 5480.lA Ch. 11. 

3A Radiation to Personnel 

The Staff Statement contained a SWllDary of the 1978 radiation exposure d�ta for LLNL personnel. 

Additional annual SUllllUlry data are provided in the PEIS to give the reader a basis for comparison. 

These data are aa follows : 
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Whole Doses* 1978 1977 ill! 1975 1974 1973 

Not detectable above background 88\ 86\ 86\ 86' 87\ 85\ 

<100 mrem 10' 12\ 1 1 . 3 •  ll\ 10\ lU 

100 to 499 mrem l .  7' 1 . 5 \  2. 2\ 2 . 4 '  2 . 4 '  3 . 2 \  

500 to 2000 mrem O . J \  0 . 5, 0 . 5 \  0.5\ 0 . 5\ 0 . 8 \  

over 2000 mrem 0 . 0 \  o.o, 0 . 0 \  0 . 1 '  o . u  0 . 0 \  

ARMS 

All employees wear radiation dosimeters. None of the personnel working in the areas identified in 

the ARMS flyover showed elevated exposures. 

Site 300 

The best evidence for the statement that firing table debris is •confined to a radius of 500 

meters• is the ARMS aerial survey at S i te 300, in which the gamma ray isopleths due to depleted uranium 

show a maximum diameter of about 200 meters (reference EGG-1183-1693, October 1977) . Thus the 

statement is quite conservative. The ground survey was based upon the dissolution and analysis of 

whole soil samples and not segregated debris or particle size separations. consequently, all particle 

sizes were included . Samples collected in the vicinity of the fi ring tables showed uranium levels from 

10 to over 100 µg/g. At the site perimeter the uranium content of samples is l-2 µg/g, which is 

typical of the uranium background in northern California soils. This is the basis for the statement 

that the areas affected are •well within site boundar ies . •  As noted in the Staff Statement ,  providing 

for the health and safety of employees is an important requirement specified in all contracts for 

operation of DOE facilities. However ,  the scope of the DEIS was limited to assessing the site-specific 

impacts of Livermore operations on the surrounding environment .  Accordingly, on-site employee safety 

was considered to be outside the scope of the DEIS. 

*The maximum permissible annual whole body dose for radiation workers is 

5000 mrem/y. 
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JC 

Please see last sentence of 3B(2) . 

3B 

Based on the analysis of the maximum credible accidents for these facilities, we see no 

justification for suspending operations in Buildings 251 and 332 while the scheduled upgradings ace 

being completed . As noted in lB restrictions have been imposed on operations in Building 251. 

40 Of All Radionuclides 

The varied research work at the Livermore site, which is typical of 1110st university research 

facilities, employs a wide range of cadionuclides and toxic chemicals. Because the majority of these 

are stocked in such small quantities that they constitute no credible off-site hazard, we believe it 

would be impractical to attempt to list them all. The maximum credible accidents are based on 

quantities of those materials that could have significant potential for impact if appropriate controls 

were not maintained. These quantities often represent the current building inventory. 

4E Radionuclides Unaccounted Por 

The Department of Energy has specified accounting requirements as part of its safeguards system 

for the protection of special nuclear materials. These involve procedures that provide explanations 

for the generally small differences between the amount of nuclear material charged to DOE facilities 

and the amounts that could be physically inventoried. 

Inventory differences, previously called Materials Unaccounted Por (MUF) , are now publicly 

released semiannually. Reporting periods every 6 months are fiscal (FY) rather than calendar years. 

The data for PY 7 6 ,  77 and 78 are shown below. FY 76 covers a period of 15 months owing to a change 

frOlll July l to October l as the FY start date: 
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Material difference 

FY 76 239pu 0 . 3  kg gain 
(July l, 75 - Sept. 30, 76) 

235tJ (enriched) Difference less 
than 0 . 1  kg 

233u 0 . 1  kg gain 

PY 77 239PU 
(Oct. l, 76 - Sept. 30, 77) 

0 . 2  kg loss 

235tJ (enriched) None 

233u Difference less 
than O . l  kg 

FY 78 
(Oct. l, 77 - Sept. 30, 78) 239pu 0.4 kg loss 

235tJ (enriched) None 

23Ju None 

The losses in Pu in FY 77 and 78 were found to be due to cumulative differences between 

measurement uncertainty, recategorization of waste to normal operating loss, and a shipper receiver 

difference. The gain in Pu shown for FY 76 was due to cumulating differences resulting from material 

recovered after equipment cleanup. 

These inventory difference reports, which include data from a number of DOB contractors, including 

LLNL, are entitled Semiannual on Nuclear Material Differences and 

are available from: 

National Technical Information Service 

o.s. Department of Commerce 

5285 Port Royal Road 

Springfield, Virginia 22161 

4P of Releases of Radionuclide& 

The PBIS contains summaries of annual atlDOspheric releases of 
41

Ar, 
3

a and 
13

N -
15

0 and 

liquid releases to the sewer of tritiWI and plutonium. 
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4J Radioactive 

As noted in the Staff Statement, radioactive shipments must conform to DOT regulations, which 

specify that containers for large quantities of radioactive materials must be able to withstand 

credible highway accidents.. There is no requirement to notify each county through which shipments are 

made. Neither DOE nor the Laboratory is in a position to determine the adequacy of local emergency 

plans. However ,  the Laboratory will support any efforts by local co1111Dunities to develop such plans . 

SC Sewer Effluent 

To clarify the question, it should be pointed out that diversion of sewage occurs at the Livermore 

Water Reclamation Plant, not at the Laboratories. There is sufficient capacity to divert for about six 

days under average sewage flow. Cooling-tower blowdown occurs intermittently and neither it nor the 

use of cooling water is affected by sewage diversion. We cannot see any credible circumstance that 

would require evacuation of the LWRP personnel. 
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SD LLNL Sewer Effluent 

The initial continuous-operating sewer-effluent monitoring system was installed in 1968. Prior to 

having on-line continuous readout capability, much of our sewage 1110nitoring was done by collecting 

samples to be analyzed in the laboratory. In the event an earthquake destroyed the monitoring station 

we would rely on these earlier procedures. 

SE of Time to Detect and Off-site Contamination 

The length of time required to detect a contaminating incident depends on whether monitoring for 

the conta•inant can be performed with continuous readout as is the case with pH and gallllDa radiation 

monitoring, or whether reliance must be placed on analysis subsequent to sample collection as presently 

needed for tritium detection. If it is possible to employ continuous readout, detection can be 

essentially instantaneous. Longer periods are, of course, required if detection is based on the 

analysis of a previously collected sample . With respect to the time required for reporting, DOE and 

the State of California regulations require that appropr iate notification be made for different classes 

of accidents . Notification periods vary depending on the seriousness or expected consequences, from 

immediate notification to quarterly. In such cases as excursions in the pB of the Livermore site 

sewage effluent, notification is often limited to author ities at the- Livermore water Reclamation Plant. 

7A Limits to Sewer 

Liquid radioactive and toxic waste are treated to reduce the concentration of these materials as 

low as practicable and well below standards set by DOE IMO 0524 and City of Livermore for discharge to 

the sanitary sewer systems. 

7B In Event of Release 

The options available will depend on the nature of the release . However, one option that has been 

employed following an acid release was to transfer the material in the diversion pond to tank trucks 

for subsequent treatment as chemical waste. 
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As noted in the Staff Statement, the scope of the Livermore DEIS was limited to addressing the 

site-specific environmental impacts of Livermore operations . 

At present, there are no plans to undertake transmutation of heavy radionuclides at Livermore. 

10 Other Activities 

The f'EIS contains updating for several programmatic facilities at the Livermore site. Treatment 

of these facilities will be in balance with that appearing in the DEIS. 

ll Nuclear 

Topics raised in this question are not within the scope of the DEIS. 

13 Alternatives 

Based on comments received on the DEIS, the alternatives represented those that were reasonably 

available and applicable to the Livermore site. The brevity of treatment was not generally an issue. 

l4F the Livermore Site 

Throughout the year DOE specialists visit the Livermore site to review and evaluate contractor 

(LLNL and SNLL) performance in such areas as general management and technical program operations , 

nuclear material controls, waste management, security, health and safety, fire protection, and 

environmental protection. Several independent safety audits have been performed at LLNL under outside 

contracts. Operations having a potential for air pollution are covered by peC111its issued by the Bay 

Area Air Quality Management District. 

In addition, the annual reports of environmental monitoring at the Livermore site, which are 

prepared for DOE, are also sent to Alameda County, the California Department of Health, and the 

Environmental Protection Agency for review and comment. 
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Our responses to the five additional questions in your letter are as follows: 

1 .  Accidents Before 1960 

Appendix 3A lists the documented accidents at the Livermore site having off-site impact. The 

Hazards Control Department whose records were reviewed to compile this list was formed in 1959. Search 

of available records prior to 1959 did not indicate accidents having off-site significance. 

2. Burial Site 

The Farallones and Site 300�The Farallones were used as an oceanic radioactive disposai site 

between 1946 and 1965. Starting in 1963, radioactive wastes from the Livermore site were disposed 

by land burial in Nevada. 

3 thru 5: Cancer Incidence Rates 

3. We are responding by letter to Dr. Johnson . 

4 , 5 .  As you know, D r .  Austin o f  the California State Health Department has studied data on LLNL 

employees to determine if the incidence of melanoma experienced by LLNL workers is statistically 

different from that observed in similar age groups in surrounding counties. A discussion of melanoma 

at LLNL is included in section 3 . 7 . 2 . l  of the FEIS. 
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lUJ� Nuclear Weapons Labs 
Conversion Project 

War RMitten �West 
1360 How0td StrHt 

SM Fr•r>e•IOO, CA 94103 

(4151 626-6978 

ADDENDUM : 

Betkeley Studtt'lts for Peace 

608 EshltmM H•ll. UC Betkelev 
Berket-v. CA 94720 

(4151 642·4138 

Ecu1TMnicat Peace tn1titute 
944 Motket Stroel. Rm. 509 
$an Fr•ncisco. CA 94102 

(4151 391·5215 

Enclosed are petitions containing approximately 700 signatures from 
students at UC Santa Cruz. Another 400 signatures are being sent 
in a separate envelope. 

nee. 20, 1978 
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DOE Form AO-I 0 A 
(12-77 I U.S. DEPARTMENT OF ENERGY 

DATE: JAJt 1 5 1979 memorandum 
REPLY TO 
ATTN OF: 

su�ECT: Comments on Draft Environmental Impact Statement, DOE/EIS-0 0 2 8- D ,  
Livermore Site , Livermore , California, September 1 9 7 8  

TO: G .  Facer, DP Public Reading Room 
A. Schoen, EV G .  Dennis , AL 
J .  Swinebroad, EV G .  Pitchford, CH ( 2 )  
R.  Stern, EV R .  Blackledge , ID 
s .  Miller, OGC J .  Felton, OR 
D .  Smith, AD T .  Bauman , RL 
R .  Miller, AL D .  Cook , SAN 
c .  Lindeken , LLL ( 2 )  D .  Peek , SR 
J .  Jeutten, SAN D .  Jackson, NV 

Attached for your information or placement in your 
respective public document room for public inspection 
are copies o f  petitions for public hearings on the 
subject statement that are supplemental to comment 
letter #14 from the Nuclear Weapons Labs Conversion 
Project. The complete petitions which include 
approximately 1 1 0 0  signatures are on file in this 
office. 

Attachment 

. Penni Depu Di rector 

Off ice of Environmental 
Compliance and Overview 
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To: W .IL Pennington 
Mail Station E-201 
U . S .  Department of Energy 
Washington, D.C. 20545 

Tuesday December 19, 1978 

Comments on the Draft Environmental 

Impact Statement 

Section of DEES 

Livermore Site 

Livermore, California 

OOE/EIS-0028-D 

U.S. Department of Energy 

!'roll: Peter LWl8daine 
People for a Nuclear Free 

Future 
870 Linden Lane 
Davie, California 95616 

2 . 1 . 3 ,  2 . 1 . 4 ,  and 2 . 1 . 5 :  Although research with high explosives in connection with 

the nuclear weapons development program (at Site 300) is mentioned, there is no mention 

of LLL/Sandia/Site 300 development of non-nuclear "conventional" weapons. Yet a former 

employee of LLL has informed me that the Livermore labs complex has played a significant 

role in the development of "conventional" weapons such as high explosive cluster bombs. 

Why has this been omitted from the DEIS? 

2.1.4, 2 . 1 .7.2.4,and 2.2. 2 . 1 . 2 :  In discussing laser fusion and laser isotope 

seperation no mention is made by the DEIS of the potential military applications of 

these technologies. They are put under the non-weapons energy programs heading, yet 

laser fusion can be (or may be) used to covertly conduct miniture nuclear bomb tests, 

and enrichment of uranium by laser isotope seperation can clearly be used to produce 

bomb-grade uranium. Development of laser isotope separation technologies could signif

icantly increase nuclear weapons proliferation. 

2 . 1 .s.5, and 2.3. 1 1 :  The DEIS indicates that plutonium from the labs has been 

recorded on and off LLL property in the Livermore Valley. However, the Department of 

Energy's method of testing (taking whole soil samples from 0 to 50 DID depths) has been 

frequently critiqued and deemed inappropriate. For example, the Health Commissioner of 

Jefferson County, Colorado (where the Rocky Flats nuclear weapons facility is located) 

found that testing respirable dust samples showed plutonium levels up to times 

than those indicated by whole soil sampling. This seriously calls into question 

the DEIS assertion that plutonium contamination of the area (using the whole soil sample 

method of determination) is not at hazardous levels. Yet this significant, serious 

controversy and doubt is not even mentioned in the DEIS. 

(continued) 
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2 . 2. 1 :  It is assumed in this section and in section 9.1 that the development of 
new nuclear weapons systems is necessarily beneficial. In fact many people, including 
many distinguished scientists, as well as a substantial number of strategic analyste and 
public officials, regard the development, testing and deployment of nuclear weapons, espec
ially new systems which escalate the arms race, as massively detrimental to national 
security, to the health, welfare and security of the American people and the entire 
population of the Earth. It has been clearly documented that LLL has not only developed 
many new nuclear weapons but has done so in a manner which � clearly has accelerated and 

is accelerating the international nuclear arms race, and that the LLL officials have 
a.gressively lobbied in Washington, D.C .  and attempted (quite effectively) to influence· 
national policy, rather than stating in the role of technicians. Thus the ])EIS again, 
in this crucial matter, presents a narrow and biased analysis, assuming that all nuclear 
weapons development by LLL is, implicitly almost by definition, beneficial, and totally 
neglecting to even mention other respected analyses. (See also comments later on sec-
tion 9. 1 )  

2 . 2 . 2 :  No programs for the development of solar-thermal, wind, tidal, photovoltaic, 
or biomass conversion energy technologies a.re even mentioned. There a.re two or three 
problems with this. First, there i!!, a solqr energy program at the Livermore site(s) and 
so the DEIS is innaccurate in this regard. Also section claims solar developJJIBilt 
programs as a benefit of the labs ' continued operation, which is inconsistent with section 
2.2.2. Further, the absence of substantial programs in the various promising renewable 
(and clean - which geothermal generally is not)energy technologies mentioned above shows 
an. extreme negligence and bias in the area of energy source development. 

2.2o2.7:  The strong and clear implication of the inclusion of the Visitors Center in 
the list of benefits from the labs, is that it will be an open educational facility for 
the general public • . However i and several people who were with me observed on March 1 6 ,  
1 977 that this is not the case. We were excluded from the Visitors Center because of 

I 
our personal and political beliefs about nuclear weapons, and our lawful exercise of our 
Constitutional First Amendment riehts to freedom of speech and assembly. F.a.rlier in the 
day we had participated in a peaceful, legal, and quiet demonstration concerning the 
work on the labs , on the occasion of Hertz Hall 's dedication. Somewhat later in the day 
we went over to look through the Visitors Center. There were about eight of us .  The 
Visitors Center was but we were prevented from entering by LLL security officer 
Robert D. Robertson who inf o:rmed us that his superiors had ordered him to "disinvi.te" us 
from the Center and make sure that we did not go in. We had no picket signs, literatur�l 

(continv.ed) 
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or any similar material. Our peaceful and lawful demonstration was over, our signs were 
packed in our automobiles, and we wished, as concerned and interested members of the 
public, to see the Visitors Center, but we were prevented by LLL officials. i'h.ey clearly 
did not consider us at all prone to violence, since we had been allowed to mingle freely 
with Dr. Edward Teller and other nuclear luminaries at the reception in Hertz Hall. Yet 
we were not allowed in the Visitors Center. security officer Robertson 
explained, the LLL officials were afraid that we would talk with the other visitors in the 
Center and criticize the activities of LLL. A public "Visitors Center'' which claims to 
be a center of public education about the labs, but which bars people from entry on the 
sole grounds that they peacefully and quietly express their dissent about tne activities 
of the labs is no benefit. A Visitors Center whose officials are that scared of and det
ermined to exclude dissenting views and open discussion, is a center of propaganda, not 
education. The Visitors Center, operated in such a manner, far from being beneficial, 
sets a dangerous precedent of vicariously negating the First Amendment and the public ' s  
righ� of access to nonclassified information, under the hypocritical pretense of public 
education. 

3 . 5 . 1 .8:  In the DEIS discussion of radioactive waste management and disposal ( sections 
3.5. 1 . s,  3.5. 1 . 1 2 ,  and 3 . 5. 1 . 1 5 )  refer{ence is made to "commercial underground storage 
site(s�" and "an offsite, DOE-approved storage facility" to which the"1 20 m1of packaged 
solid waste ( 1 976)" was presumably shipped. Such references do not adaquately address - -

the severe environmental impacts and hazards which radioactive wastes pose. The Livermore 
labs are responsible for the radioactive wd�es they produce, but there is EE. demonstrated 
method of radioactive waste (especially high level radioactive waste) disposal or even 
long teim storage in the United States or anywhere else in the world. 'fuis fact is acknow
ledged by the California state government and the United States goverrunent. In light of 
the extreme toxici�y and longevity of these wastes, and in light of the perilous failures 
at Lyons , Kansas , at Hani'ord, Washington, and at the Farallones Islands, California to 
prevent massive leakage into the soil, rivers , and ocean; any further production of such 
wastes (including by LI.L) must be regarded as an adverse environmental 
impact, an unacceptable danger to human life and health in this and future generations 
and to the biosphere of our planet.  Until such time as there is  a demonstrated, workable, 
safe disposal system for radioactive wastes, further production must be regarded as 
adding to a highly dangerous and 
3 . 5 . 3 ,  3 . 5.6. 1 ,  3 . 5 0 6 . 2 ,  and 3 . 6 :  'fue DEIS description of toxic chemical waste man-

agement a.nd disposal is so general and vague as to be nearly meaningless. There is no 
information on what toxic chemicals are released into the soil, water, air, and foodchain 

(continued) lO-lJ?  
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nor in what quantities. There is no explanation of what "remote and shielded conditions" 

are ( 3 . 5 . 3 ) ,  or wha t containment systems and criteria are used. 'l1here is only the most 

abbreviated and cursory description of "unstable compounds and reagents that have lost 

their identity". L1here is no discussion of combustion produc ts ..... released into the 

air from the burning of Site 300 chemical wastes ( 3 . 5.6. 1 ) .  In the last several dec-

ades thousands of synthetic chemicals which have not, as far as is known, previously 

existed in the biosphere of Earth, have been produced and released in very substantial 

quantities into the air, water, and soil. \Vhile some of these substances are relatively 

harmless, many of them are extremely potent carcinogens, mutagens, and teratogens ,or have 

other highly toxic properties. '11he vast majority of these chemicals, however, have never 
. 

been adaquately tested, and most have not undergone even elementary testing. Recent 

chemical waste disasters (such as that in Nia�a, New York) and the rising rates of envir

onmental cancer have given the general public some idea of this enormously hazardous 

situation. Against the background of this chemical Russian Roulette with the biosphere, 

the nearly total lack of information in the DEIS on what toxic chemicals are released 

by- the operations of the labs is an indefensable onunission. 

3 . 7 :  The radiological impact section fails to consider on-site radiation levels, 

the effect of these levels on lab workers who may be exposed to them for eight hours 

per day, or the genetic effect on the general population via the children of lab workers 

or former lab workers. Since some on-site area�ve radiation levels higher 893 rnrem 
per year (page 3-37 of the DEIS) , a 2000 hour work year (40 hours per week, and 50 weeks 

per year) would suggest that some workers might receive over 200 mrem/year, well in 

excess of the NRC ' s  170mrem/year safety limit for the geneTal public. 

3.8.6:  The economic analysis fails to consider at least two important factors. First, 

there is no discussion of jobs produced dollar invested in the labs complex versus 

other sorts of economic development in which DOE (previously ERDA and AEC) might reson

ably invest. Further, there is no adaquate treatment of whether the workers at the labs 

came into the area when LLL did, or whether local residents were actually hired in 

significant numbers. Second, there is no mention of if any, property taxes the 

labs pay to the local government which must pay for the municipal sewer system, 

etc. that the labs use. Also, what percentage of the increased public school costs does 

the Federal "impact aid" pay for? 

3 . 9 . 2 . 3 :  Assuming that the radioactive release from a spill at LLL would not be 

significantly larger than the one postulated in the DEIS, this section still has two 

major problems. First it once more neglects the radiation levels to which workers and 

visitors on-site would be exposed, and the genetic consequences of this exposure for 

members of the general public whose parents, as workers, were or may be exposed before 

the birth of their non-worker decendents. 
10-138 �D OF COMMENTS. 

per

what,
public
roads,



Department of Energy 
Washington, D.C. 20545 

G.  Facer, DP 
A .  Schoen , EV 
J .  Swi nebroad , EV 
R. Stern, EV 
S .  M i l  1 er, OGC 
D .  Smi th,  AD 
R. M i l ler ,  AL 
C .  Lindeken, LLL ( 2 )  
J .  Jeutten,  SAN 

Li brary , Room 1 223 , 20 Mass Avenue 
G. Denn i s ,  AL 
G. Pi tchford , CH ( 2 )  
R. B l ackledge, I D  
J .  Felton, OR 
T. Bauman , RL 
D. Cook, SAN 
D. Peek, SR 
D. Jackson , NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028-D ,  
LIVERMORE SITE,  LIVERMORE , CALI FORN IA, SEPTEMBER 1 978 

Attached for your i n fonnati on or pl acement i n  your respective 
publ i c  document room for publ i c  i nspection is a copy of comnent 
letter No. 1 5  received on the subject draft statement from 
Mr. Peter Lumsda i ne ,  People for a Nuclear Free Future, dated 
December 1 9 ,  1 978. 

Attachment 

W .  H. Pennington 
Divi s i on of NEPA Affai rs 
Office of Envi ronmental Compl i ance 

and Overview/EV 

10-139 

JAI".



Response to Letter 15 

DOE RESPONSE TO LETTER FROM PEOPLE FOR A NUCLEAR FREE FUTURE 

2 . 1 3 ,  2.14, and 2 . 1 5  Nonnuclear 

There is a small nonnuclear weapons development program at the Livermore site, which is here 

because of local facilities for high-explosive research and access to Livermore computers. 

2 . 1 . 4 ,  and 2 . 2 . 2 . 1 . 2  Laser fusion and laser 

Laser fusion and laser isotope separation research at Livermore are presently considered as 

large-scale physics experiments to demonstrate the feasibility of physics and engineering concepts. 

Laser applications will depend on the progress of these experiments. 

2 . 1 . e . s  and 2 . 3 . 11 

The Environmental Protection Agency has the responsibility for establishing the maximum 

permissible concentration of plutonium in soil in off-site areas. The soil sampling method used at the 

Livermore site is the same as that recOllllllended by the Nuclear Regulatory COlllJDisaion Regulatory Guide 

4 . 5 .  Section 2 . 1 . B . S  has been revised to discuss some reservations concerning Dr. Johnson's respirable 

dust sampling . 

The scope of the DEIS is limited to discussing site-specific impacts of continued operation of the 

Livermore site. It does not include assessing the environmental impacts of u.s. policy to produce or 

test nuclear weapons. 

The l"EIS contains a description of solar and other nonnuclear energy development work at the 

Livermore site. 
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2 . 2 . 2 . 1  

We regret that you were unable to see the LLNL Visitors Center. Should you and your group wish to 

return, arrangements will be made for you to spend as much time as you wish in the Center during 

regular visiting hQurs, which on weekends is 9 : 3 0  a.m. to 5 p.m. 

3 . 5 . 1 . 8  

As noted , the scope of the DEIS was limited to addressing the site-specific environmental impacts 

of Livermore operations. The methods for radioactive waste disposal employed at Livermore meet all 

present environmental and safety requirements. There is a need for research and development efforts in 

the field of waste disposal, but this need applies to the nuclear industry nationwide and is not one 

specifically required for Livermore operations. 

The FEIS contains additional information concerning toxic chemical management at the Livermore 

site. 

In the FEIS Section 3 . 7  has been expanded to present data for on-site radiation exposures to 

Laboratory employees. 

Comparing the econ011ies of the Livermore site's mission with alternate DOE investments is beyond 

the scope of this EIS. 

When LLNL was established in 1952 many key personnel were transferred to Livermore from the 

Radiation Laboratory at Berkeley. Similarly, when Sandia was established at Livermore, personnel were 

transferred from Albuquerque, New Mexico. As need for staff with specialhed training continued, these 

personnel were necessarily recruited nationwide. Clerical and support personnel were hired locally 

whenever possible. 
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Federal property, such as the Livermore site, is not subject to state or local property taxes. 

DOE pays the City of Liver111ore an annual fee for maintaining that portion of the sewer line originally 

installed by the Navy during world War II. DOE also pays the City of Livermore for treating Livermore 

site sewage . 

Even though the percentages of employees living in Livermore has remained fairly constant at about 

sot, the Livermore site related school enrollment has been decreasing for the past several years. As a 

result the Federal funds have decreased. Thia information is shown graphically in Figure 3-15 in the 

FEIS. 

3 . 9 . 2 . 3  

The purpose of the maximum credible accident scenarios was to evaluate the off-site environmental 

impacts. For these evaluations the environment begins at the site boundary. 
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TO a W . H .  Pennington 
Departm�nt of Energy 

I•'ROI1: 1 _-:��.'.'it Stuart 
Environmental News Service 
2207 Shattuck Ave � 
Ber;<eley, CA 94704 

December 1 5 ,  1978 

The Department of Energy•s Draft Environmental Impact Statement, 

Livermore Si te(EIS-0028-D) is totally incomplete and inadequate.. Never 
has such lengthy research produced so little information abd analysis 
with so little exposure for scrutiny,nine years for preparation, two 
months for comment. )  The DoE ia like a horse with blinders, unable 
to see but for straight ahead . Any view outside the blinders mighli 
question the present cours e.  The DEIS is the blinder . . itself, a jus
tification o f  the current path. It does not explore- the environmental 
impact of Livermore operations . The path, meanwhile, leads to an ever
increasing probability of an unparalled environmental catastrophe . 

Of course the actual. environmental impact of the AEC-ERDA-DOE 
weapo n ' s  complex began in the 1940s and has already committed millions 
in the Northern Hemisphere to cancer deaths . But tips o f  icebergs 
and epidemics in Nevada, Utah, Colorado , South Carolina, 

the Pacific � Livermore are surfacing elsewhere , in the 
press and scientific articles by Livermore and 
other DoE scienti sts . )  Radioactive materials generated by LLL and 
the DoE are the causes of the cancer. 

The Department of Energy lives in a world of safe fence-line 
doses, standards for radioactive releases, waste disposal. and national 
defense that ignores available data, critical. experiments and natural 
laws. 

The basic information is missing from the Livermore DEI S ,  
Nowhere i s  there an index o f  chemicals, elements, their ranges of 
amounts and locations . National security is an unacceptable reason 
for the exclusion of this information that is necessary to determine 
"maximum credible accidents . "  

Lawrence Livermore Laboratory has written an argument of positive 
influences and legal.ity that i s _ a  gross distortion of the spirit if 
not the letter of NEPA that in the least demands an inve stigation 
by the Enviromental Protection Agency and the Council on Environmental 
Quality. History wil� show ·an entirely different environmental impact 
of the Livermore site and the DoE weapons complex. 

copiesa W.H. Pennington, DoE 
Ruth Clusen, DoE 
Charles Warren, CEQ 
EPA 
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Response to Letter 16 

DOE RESPONSE TO LE'rl'ER PROM MR. BRENT STUART 

The quantities of chemical and radionuclide& specified in the maximum credible accident section 

reflect local inventor ies, and the rationale in developing these accidents is typical of that used in 

nuclear reprocessing plants, nuclear power plants and similar nuclear installations. 
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Response to Letter 17 

DOE RESPONSE TO LETTER FROM MS. SUSAN DEMBOWSKI 

All shipments of radioactive material from the Livermore site are in containers meeting or 

exceeding the safety design requirements set by the U.S. Department of Transportation. 

State and county officials are aware that shipments of radioactive material are being made from 

Livermore, but no system of notification for each shipment has been considered necessary. DOE and the 

State are organized to respond to any local accident involving radioactivity. 

We are not aware of any "leakage" from trucks hauling radioactivity. 

We have no plans for making routine shipments of plutonium via air. The only nonroutine air 

shipment of plutonium involved several small plutonium sources totaling less than 40 u c i ,  which were 

shipped to England to calibrate medical equipment .  Approval for this shipment was obtained from 

DOE-Headquarters. 

The environmental report for 1980 is included as Appendix 2A of the FEIS. The relations of 

measured concentrations to concentration guidelines are given in that Appendix. 

The usefulness of any soil-sampling method to indicate the potential inhalation hazard is 

questionable because the correlation of air and soil concentrations is subject to considerable 

uncertainty. It should be recognized that soil concentration measurements are a secondary method for 

estimating airborne hazards. Respirable dust measurements are preferably made by air sampling done in 

the area of interest. 

Seismic evaluation discussed in section 2 . 3 . 3  shows that large displacements from earthquakes are 

not a factor at the Livermore site. The monitoring station is not designated a critical facility, so 

it is possible that it will not function without repairs following a severe earthquake. 

Since the publication of the DEIS, the sewage discharge point and the monitoring station have been 

moved to the northwest corner of the LLNL site. 

The scope of the DEIS was limited to evaluating the site-specific impacts on the environment .  

Providing for the health and safety of employees is a requirement specified in contracts for operation 

of all DOE facilities. The Staff Statement in Response to Comments Received on the DEIS ( included in 

the Record of the Public on the Draft Environmental Statement, Livermore Site, 

Livermore, California) contains information specifically related to Livermore employee safety. 
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?i'Jr . ii .  Herbert Pennington 
��il Station E-201, GTN 

U . S .  Jepartment of Ene rgy 
Wr . .:>hington, D . C .  20545 

Dear !\1r . Pennington , 

1860 Sharpe Avenue 
Walnut Creek , C a .  94596 
December 20 , 1978 

I am writing you in regard to the DOE ' s  DEIS on its L ivermore s ite ( DO�/E IS -0028-D ) .  As a concerned res ident of C ontra Costa C ounty , I am 
hoping to rece ive some answers to questions I have after luckily obtained 
and read the report . I will make my questions brief in hope that they 
w ill be understood just by referring to points and , for the sake of s�Jed , 
w ill be dealt with soon . 

The first question deals w i th the fact that plutonium and other 
toxic substances are present at the lab. Recently the question of waste 
has gained publ ic attention. After readin� the report , I found lacking 
specific information as to how much waste is generated yearly from the 
lab . The larger qustion is that of storage . S ince no safe s torage areas 
have been found , that it remains radioactive for many lifetimes , and that 
presently some is be ing stored 1n L ivermore , I feel that the report is 
lacking in anal iz ing this s ituat ion. Transportation of these substances 
also can have an influence in my c ommunity, s ince I found no discuss ion 
of consultat ion with c ounty officials , of the actual transportation that 
goes on through or above my county , or of radioactivity that is emi�ted 
during this transportat ion. 

Two recent news items concern me with regards t o  this question of 
�ad ioact ive substance s .  Last spring, some Americ ium was misplaced, later 
to be found in the L ivermore "dumps . Not only doesn ' t  the report fail to 
nention how the lab governs the use of this substanc e , it also fails to 
�nal i z e  the fact that there are no federal guidelines governing exposure 
to Americ ium and that the L ivermore c ommunity may have been affected by 
3uch acc idents as the one I just mentioned. The other news item was con
c e rning Contra Cost a ' s  inatiquate preparation for dealing with toxic mat
e r ials . Tf the lab is trans port ing radioactive materials around my com
munity , I would l ike to see this report anali z e  the possibility for con
tamination in light of this inability to deal with acc idents in this and 
other commun ities . 

The s e c ond area of concern I feel was not presented suf ic iently is 
that of the lab '·s influence on this report and the influence the general 
publ ic has . I would l ike to know who wrote it , espec ially if lab personnel 
had major influenc e .  I am concerned that the lab has basically total 
c ontrol of information regarding monitoring of itself, setting standards , 
and cons tantly any independent agency from investi�at ing public� 
safety as i t  is to the lab. W ith this concern in mind , I am 
w ondering who will have a chance to respond to this report, or poss ibl� 
get a chance to hear opinions of those who may have addi t i onal information. I would hope that public hearings be held that would be publ icized well throughout the area effected by the presence of the lab in L ivermore . I would l ike to know how such a decis ion is made , and by whom. W ith just the few que s t i ons I have about the report, I am sure there must be others . 
I feel there exists a need to not only publ icize this report , but also 
to hear a broader response to it . 

The final question I have is actually the most important to me . 
I would like to know why there was no discussion about the environmental 
effects of the k ind of work that goes on there . I am referring to the 
weapons research that the lab is primarily in existance for. The lab 
is responsible for continually developing new ways of us ing nuclear s c ienc.e 
in making weapons . This policy should be analized in relation to the 
possiblity of nuclear war, or the actual use of these weapons . 

I would apprec iate a response to�thes�q�stions. Thank you. 

Gary Dobson 10-150 I 
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T would like to know who wrote it, especially if lab personnel
had major influence. I ani concerned that the lab has basically total
control of information regarding monitoring of itself, setting standards,
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safety as it is related to the lab. With this concern in mind, I am
wondering who will have a chance to respond to this report, or possibly
get a chance to hear opinions of those who may have additional information.
I would hope that public hearings be held that would be publicized well
throughout the area effected by the presence of the lab in Livermore.
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the few questions I have about the report, I am sure there must be others.
I feel there exists a need to not only publicize this report, but also

possiblity of nuclear war, or the actual use of these weapons.



Department of Energy · 
Washington, D.C. 20545 

G .  Facer, DP 
A. Schoen, EV 
J .  Swi nebroad , EV 
R. Stern, EV 
S .  Mi l l er ,  OGC 
D .  Smi th ,  AD 
R. Mi l le r ,  AL 
C .  Lindeken, LLL ( 2 )  
J .  Jeutten, SAN 

JAN � . ....... t":'; I �  

Li brary , Room 1 223 , 2 0  Mass Avenue 
G .  Denni s ,  AL 
G .  Pitchford , CH ( 2 )  
R .  B l ackledge, I D  
J .  Felton, OR 
T. Bauman , RL 
D .  Cook, SAN 
D. Peek, SR 
D .  Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028-D, 
L IVERMORE SITE , LI VERMORE , CALI FORNIA,  SEPTEMBER 1 978 

Attached for your infonnation or pl acement i n  your respective 
publ ic document room for publ i c  i nspection i s  a copy of comment 
letter No. 18 received on the subject draft statement from 

Mr. Gary Dobson,  Wal nut Creek, Ca l i forni a ,  dated December 20,  1 978. 

Attachment 

!JJ . H �/)U�J---'/Jai 
W .  H .  Pennington 
Division of NEPA Affairs 
Office of Envi ronmental Compl i ance 

and Overview/EV 
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Response to Letter 18 

DOE RESPONSE TO LETTER FROM MR. GARY DOBSON 

At the Livermore si,te radioactive liquid wastes are treated to reduce the activity as far below 

permissible discharge levels as achievable before release to the sanitary sewe r .  All solid radioactive 

wastes are packaged in Department of Transportation approved containers and shipped to DOE approved 

d i sposal sites. In 1979, 376 m
3 

of radioactive solid waste was shipped from Livermore (Section 

3 . 5 . 1 . 1 5  of FEIS ) .  

Section J . 9 . 2 . 7  of the FEIS has been rewritten to include more details on radioactive material 

shipments and their impacts. 

Standards for radiation protection against americium are contained in Title 10 Code of Federal 

Regulations Part 20 and DOE Order 5480.lA, Chapter X I .  Permissible concentrations in air and water are 

contained in Appendix B of these regulations. 

Radioactive wastes in the waste treatment areas are ei ther waiting for treatment, or if packaged 

for shipment these materials are being held for a scheduled shipment. 

State and local officials are aware that shipments of radioactive materials {including packaged 

wastes) are made from the Livermore site, but specific notification of each shipment has not been 

considered necessary. 

Appendix lB in the FEIS contains an alphabetical list of the principal preparers of material foe 

he Livermore EIS. The annual Environmental Monitoring Report (Appendix 2A of the FEIS) is sent to 

�vecal federa l ,  state, and local agencies. The laboratories do not set their own standards, but 

comply with national, state and local standards. 

The scope of the DEIS was limited to evaluating the s ite-specific impacts on the environment of 

Livermore operations. It is outside the scope of this document to discuss the testing, use oc national 

policy relating to nuclear weapons. 
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Advisory 
Council On 
Historic 
Preservation 

1522 K Street NW. 
Washington D.C. 
20oo5 

December 29 , 1978 

Mr. W. H .  Pennington, Director 
Division of Program Review and 

Coordination 
Office of NEPA Affairs 
U.S.  Department of Energy 
Washington, D . C .  20545 

Dear Mr. Pennington: 

This is to acknowledge receipt of the dra� environmental 
statement for the Livermore Site, Livermore , California on 
September 28 , 1978. We regret that we will be unable to 
review and comment on this document in a timely manner pursuant 
to Section 102( 2 ) ( C )  of the National Environmental Policy Act 
of 1969. 

Nevertheless, the Department of Energy is reminded that , if the 
proposed undertaking will affect properties included in or 
eligible for inclusion in the National Register of Historic 
Places, it is r.equired by Section 106 of the National Historic 
Preservation Act of 1966 (16 U. S . C .  470f, as amended, 90 Stat . 
1320) to afford the Council an opportunity to comment on the 
undertaking prior to the approval of the expenditure of any 
Federal funds or prior to the issuance of aoY license . The 
"Procedures for the Protection of Historic and Cultural Properties" 
( 36 CFR Part 800 . 4 )  detail the steps an agency is to follow in 
requesting Council comment . 

Generally , the Council considers environmental evaluations to 
be adequate when they contain evidence of compliance with 
Section 106 of the National Historic Preservation Aet , as 
amended. The environmental documentation must demonstrate that 
either of the following conditions exists :  

1 .  No properties included in or that may be eligible for 
inclusion in the National Register of Historic Places are 
located within the area of environmental impact , and the 
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Page 2 
Mr. W. H. Pennington 
Livermore Site 
December 29, 1978 

undertaking will not affect any such property . In making 
this determination, the Council requires: 

--evidence that the agency has consulted the latest 
edition of the National Register (Federa

February 7 ,  1978, and its monthly 

--evidence of an effort to ensure the identification of 
properties eligible for inclusion in the Nat ional Register , 
including evidence of contact with the State Historic 
Preservation Officer, whose comments should be included in 
the final environmental statement . 

2 .  Properties included in or that may be eligible for 
inclusion in the National Register are located vi.thin the 
area of environmenta impact , and the undertaking will or 
will not affect any such property . In cases where there 
will be an effect , the final environmental statement 
should contain evidence of compliance vi.th Section 106 of 
the National Historic Preservation Act through the Council ' s  
"Procedures for the Protection of Historic and Cultural 
Properties". 

Should you have any questions , please call Michael C .  Quinn at 
( 303) 234-4946, an FTS number. 

Sincerely, 

Assistant Director 
Office of Review and Compliance, Denver 
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0. Smith, AD 
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J .  Jeutten, SAN 

JAN 1 S 1979 

Li brary, Room 1 223 , 20 Mass Avenue 
G .  Denn i s ,  AL 
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R .  B lackledge, I D  
J .  Felton, OR 
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COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT ,  DOE/EIS-0028-0, 
LI VERMORE SITE , L IVERMORE, CALIFORNIA, SEPTEMBER 1 978 

Attached for your infonnati on or p l acement i n  your respective 
pub l i c  document room for publ i c  i nspection i s  a copy of COll1Tlent 
l etter No. 1 9  received on the subject draft statement from 

Mr. Louis S .  Wal l ,  Ass istant Di rector, Office of Review and 
Comp l i ance, Advi sory Counci l  on Historic Preservation, dated 
December 29,  1978. 

Attachment 
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Response to Letter 19 

DOE RESPONSE TO LETTER FROM THE ADVISORY COUNCIL ON HISTORICAL PRESERVATION 

Since publication of the DEIS, a cultural survey of Livermore's Site 300 has been performed in 

accordance with 36 CFR Part 64. Section 2.3.10 of the FEIS has been revised to reflect this. 
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comrnu on Draft Bllri.rowntal Impaot Stat-..t ,  DOB/BIS-0021-D, 
Liftrmon Sita, Livermore , California, Sept..t>er 117t 

o. Pacer, D� 
A. lc:boen, S9 
J. 8w1nebroa4, BV 
•• 8tar1a, .,. 
s. Miller, OGC 
D. Slllth, AD 
a. Miller, AL 
C. Lindekea, LLL ( 2) 
J . Jeutt:en, SAii 

Pablia Raaclln9 ROOll 
a. Dennia, AL 
o. Pitchforct, ca (2J 
a. Blactledqe, ID 
J. Pelton, OR 
T. Bauman, RL 
D. COok ,  SAii 
D. P..t, SR 
D. Jaclt80ll, HV 

Attacbecl for yoar lnfo�tioa or plaoe-.nt in your 
reapecti'N public c!oclment: roca tor pabllc iMpection 
ia a oopy of a petition, oonta1nill9 102 •ignaturea, 
for public hearinCJ• on the •abject •tatellent received 
froll P.A-M.P . ,  944 Market •�t, RoOll 808, 8aD Pranci.co, 94102. 'l'bia ia beiDCJ diatributed •• cownt 

Attaclmeat 

FILE: DOE/EIS-0028-D 

/-s/  
•• •• ..nainvtoa 
Aatiaf Depaq Dinau>r 
Of fioe of Barironmeatal 

Compliance anct O..rriew 

DOE/EIS-0028-D Comment Letter # 2 0  

DD/OECO 

WHPennington :gab 

1/15/79 
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Letter 2 0  

Letter 20 was a list o f  names petitioning for a public hearing o n  the OBIS. Thia hearing was held 

in Livermore on April 12, 1979. 
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UNITED STATES ENVIRON MENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

Mr. W. H. Pennington 
Mail Station E-201 
GTN 
Department of Energy 
Washington, D . C .  20545 

Dear Mr. Pennington: 

1 2  JAN 1979 

Enclosed are the EPA review comments on the Draft Environmental 
Impact Statement, DOE/EIS-0028-D, entitled, "Livermore Site, Livermore, 
California". 

Our major concerns with this environmental impact statement (EIS) 
are the lack of environmental data, the question of whether certain 
effluents are as low as reasonally achieveable (ALARA) and the 
incomplete dose assessment presented. There are several areas in the 
EIS where the data presented is not sufficient to allow independent 
analyses or the radiation impact of the facility. EPA believes that 
this data should be incorporated into the final statement. The 
question of achieving ALARA levels for effluents from several specific 
facilities are detailed in the enclosed comments. Finally, the failure 
to present population doses, health effects estimates, food and water 
pathways considerations, radionuclides considered, and the methods and 
assumptions employed result in an unacceptably incomplete picture of 
the laboratory' s  environmental impact. 

In light of our review and in accordance with EPA procedures, we 
have rated the proposed action LO (Lack of Objectives) and classified 
the statement as category 2 (Insufficient Information). If you or your 
staff have any questions concerning our rating or comments, please do 
not hesitate to call on us. 

Enclosure 

.{,,,,_, Peter Cook 
Acting Director 

Office of Federal Activities (A-104) 
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EPA COMMENTS ON DOE/EIS-0028-D 
THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

ON THE LAWRENCE LIVERMORE LABORATORY SITE AT 
LIVERMORE ,  CALIFORNIA 

General Comments 

1 .  This draft environmental impact statement (DEIS) relies heavily on 
referencing other reports, probably in order to minimize the size of 
the document. However, in some cases there is not enough information 
to enable a reviewer who does not have access to the references to 
determine the effect of site operations on the environment. The most 
significant omissions are in describing the environmental monitoring 
program and in summarizing data collected over the years to show 
whether any trend is apparent. There is also a need for better maps of 
both the site and the surrounding area. More detail is included in 
specific comments below. The final EIS (FEIS) ' should address these 
items . 

2 .  EPA understands that the description of current and proposed 
activities is not up to date and that current plans are different in 
some cases. The FEIS should be c�rrent in all significant ongoing and 
proposed activities. 

3. More information and discussion are needed to assure that the 
radioactive effluents that may affect persons off-site are at a level 
considered to be as low as reasonably achieveable ( ALARA) . The most 
significant of these are: 

(a)  The 14 Mev neutron generator which is  projected to deliver a 
fence line dose of 900 mrem per year. This is a high level of 
radiation for an unrestricted area and there is a need to more 
explicitly discuss whether this level is ALARA. Also needing 
discussion are when (and if) the relocation to Building 292 will occur 
and what the expected fence-line doses from the new facility will be; 

(b) The procedure which is relied upon for the Livermore sewage 
treatment plant to divert contaminated effluent at the plant rather 
than providing hold-up capability at the site; 

( c )  The reasons why tritium releases to air and water cannot be 
further reduced needs to be explained ; and , 

( d )  The expected radiation exposure to passenger traffic from the 
LINAC, reactor, and relocated neutron generator operations if the new 
northwest entrance is still planned. 
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4 .  There is a deficiency within the DEIS in the description of the 
data produced by the off-site environmental sampling program. Although 
detailed information on the sampling locations , the types of samples 
( i . e . , sewer sludge, water, air) , and the radionuclide concentrations 
are provided in the annual reports, from all we believe the FEIS should 
include a summary of much of the information contained in these reports 
to allow a complete, independent assessment of the Lawrence Livermore 
Laboratory (LLL) impact on the local environment. It would be 
particularly helpful to have a summary of average annual radionuclide 
concentratons in effluents and in all media for the past five years to 
aid in relating the annual effluent releases to present radionuclide 
concentrations in the immediate environs. The use of several years' 
data would also reflect the apparent variability of site operations 
over time and would better indicate the full range of possible 
environmental effects than could be obtained by choosing a single year. 

Further, all radionuclide releases from Sandia Laboratories -
Livermore (SLL ) ,  including liquid tritum releases, should be included 
in the annual release data ( Table 3-1 ) .  
5 .  More discussion is needed on the environmental effects of site 
operation as determined from summarized trend data. Two areas of 
special interest are groundwater contamination at both the Livermore 
site and Site 300 and the effects of discharge from the Livermore Water 
Reclamation Plant ( LWRP) .  

The Livermore-Amador Valley Wastewater Management Authority 
Project (presently under construction) will result in LWRP effluent 
being transported out of the valley and discharged into San Francisco 
Bay. This will significantly change the fate of future LLL liquid 
discharges; it should be addressed in the FEIS. 

6 .  EPA questions the procedure of comparing effects from accidents at 
LLL with the 10 CFR 100 regulatory limits for accidents, this was done 
in several places in the DEIS. 1 0  CFR 100 applies strictly to 
accidents at reactor sites. If the accident doses from various LLL 
sources are to be compared with it, there needs to be an explanation of 
how these regulations relate to the accidents being analyzed. On a 
related subject, it is stated that DOE guidance may be used to triple 
the levels provided in the EPA Protective Action Guides ( PAGs) before 
evacuation needs to be considered. This is an inappropriate 
extrapolation of the PAGs. Currently the PAGs are only Agency guidance 
and provide action ranges for only the whole body ( 1 -5 rem) and the 
thyroid (5-25 rem) . There is no provision made for further extending 
these ranges. Further, protective action does not necessarily mean an 
action as drastic as evacuation. Protective action can be action that 
will reduce exposure or the chance of exposure. 

10-161 



Comments 

1 .  p. 2- 1 8 ,  section 2 . 1 . 6 . 5 ,  last sentence : Please identify the 
"accepted standard. "  

2 .  p.  3-1  to 3-2: Will the run-off from the area drained by Arroyo Las 
Positas and the other areas feeding the man-made lake cause any 
significant accumulations of radionuclides in the lake? 

3 .  p.  3-1 5 :  At what frequency are the pre-HEPA filters (glove box 
filters) changed in building 25 1 ?  Are they disposed of as transuranic 
waste ( i . e. , above 10  nanocuries per gram)? 

4.  p.  3-17 : There is a conspicuous absence of a building drain 
retention system for building 331 .  This building is the major source 
of gaseous tritium releases and it is understood that typical tritium 
liquid effluents originate from equipment contamination in building 
419 .  The FEIS should clarify the relationship between decontamination 
of building 33 1 equipment and building 4 1 9 .  The liquid effluents from 
building 419  should also be addressed. In the future it is possible 
that a water fire-protection system would be installed in building 
33 1 .  The FEIS should discuss briefly the mitigating measures that 
would accompany this decision. 

5 .  p. 3-36 to 3-37 : The radiological impact section on these pages is 
lacking much significant information. EPA believes that the additional 
information requested in the following items is necessary for a proper 
and thorough evaluation of the facility ' s  radiological impacts :  

a .  With the exception of the few maximum individual dose results 
reported there is no mention of what radionuclides were considered 
in the assessment. It is necessary to know the significant 
impacts from the other radionuclides, along with the definition of 
what is considered significant, to provide a complete picture of 
the impact. 

b .  It is necessary to assess population doses as well as the 
individual doses discussed in "a" above. From this should come 
health effects estimates in the form of morbidities, mortalities, 
and genetic effects. 

c. There needs to be a presentation of the assumptions and 
methods used in preparing the dose assessment. The methods ,  i .e. , 
models, presentation could simply be a reference to the available 
literature, if appropriate. 
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d. From this presentation it appears that only direct and 
airborne pathways were considered. Food and water pathways must 
also be considered or adequate reasons given for not considering 
them. The data associated with them should also be presented to 
the extent that a reviewer could independently evaluate them. 

e. There is currently proposed Federal Radiation Guidance from 
EPA concerning levels of transuranics in the general environment 
( EPA/4-77-018) . While this Guidance has not yet been signed by 
the President, DOE should consider presenting a comparison of the 
expected doses to individuals from alpha radiation from 
transuranics released from LLL/SLL with the levels provided in the 
Guidance, viz . , one millirad per year to the pulmonary lung or 
three millirad per year to the bone. 

6 .  Section 3 . 9 :  The analysis of both historical and postulated 
accidents and effects was generally well done. The following items 
would further strengthen this portion of the EIS: 

(a) Provide the X/Q values for specific locations such as the 
nearest residence , nearest cow and pasture, and nearest school; 

(b) Provide estimates of individual doses, population doses, and 
health effects received from historical accidents, if available; 

(c)  Provide the age groups being assessed; and, 

(d)  Provide health effects estimates for postulated accidents. 

7 .  p. 3-47, Section 3 . 9 . 1 :  Specify the "appropriate radiation or 
concentration guides. 

Comments not related to radiation 

-

1 .  p. 2-59 : It is noted that DOE believes that Site 300 is the only 
known natural location for the wildflower known as Amsinckia 
grandiflora. The DEIS does not cite this· flower as being endangered or 
threatened; however, EPA expects DOE to consult with the Department of 
the Interior to ascertain the flower ' s  status and what measures need to 
be taken to protect its critical habitat. 
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2 .  p. 3-71 to p .  3-7 3 :  EPA understands the sensitivity regarding the 

discussion of safeguards and security systems. However, heavy reliance 

upon electronic detection equipment may leave such systems vulnerable 

in case of a power failure. The assumption is that LLL has contingency 

plans for this circumstance but a confirmatory mention of this fact in 

the FEIS would assure that this possibility has not been overlooked .  

3 .  p .  2A- 1 4 ,  Geologic History section, 23rd line: The term "clay" is 

incorrect, it should be "alluvium" or "siltstones and sandstones." 
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COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT, DOE/EIS-0028-0 ,  
L I VERMORE SITE,  LI VERMORE , CALI FORNIA,  SEPTEMBER 1 978 

.. 

Attached for your i nformation or pl acement i n  your respective 
pub l i c  document room for publ i c  i nspection i s  a copy of corrment 
letter No. 21 recei ved on the subject draft statement from 
Mr . Peter Cook ,  Acting Director, Office of Federal Activi ties , 
Envi ronmental Protection Agency, dated January 1 2 ,  1 979. 

Attachment 

• Penningto 
OfV i s i on of NE Affa i rs 
Office of Envi ronmental Compl i ance 

and Overview/EV 
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Response to Letter 21 

DOE RESPONSE TO LETTER FROM THE ENVIRONMENTAL PROTECTION AGENCY 

Response to general comments: 

1 .  of Livermore ' s  environmental 

Appendix 2A in the FEIS contains a copy of the 1980 annual environmental monitoring report. This 
latter report also contains a description of the sampling procedures and analytical methods employed by 
the monitoring program together with more detailed maps showing the location of monitoring points. 
Section 3 . 7  of the PEIS contains a 5-year sU111111ary of radioactive effluents from the Livermore site. 

2 .  of activities should be current 

Every attempt is made to have the FEIS reflect the status of all environmentally significant 
activities and exposures up to and including 1980. 

3 .  Assurance that Effluent Levels and are As Low As Achievable 

(a) 14-MeV neutron generator 

The projected fenceline radiation dose of 900 mrem (lJ76) has been reduced to about 166 mrem in 
1980. These exposures include a natural background of about 60 mrem. The reduction has been achieved 
by transferring many of the high-flux experiments to the more centrally located Building 292. Site 
perimeter dosimeters closest to Building 292 show annual increases within about 10 mrem of natural 
background . 

(b) Oiverting procedures at Livermore sewage treatment plant 

After detecting an accidental release at the sewage effluent monitoring station, Livermore site 
personnel have about 3 hrs to evaluate the magnitude of the release, since this is the approximate time 
required for sewage to flow to the Livermore sewage treatment plant. 
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1. Descriptapermiweirmaces envieonmenta monitorinq program

Appendix 2A in the PSIS containe a copy of the 1980 annual environmental monitoring report. This
latter report also contains a description of the sampling procedures and analytical methods employed by
the monitoring program together with more detailed maps showing the location of monitoring points.
Section 3.7 of the PSIS containe a 5-year summary of radioactive effluents from the Livermore site.

2. Descriptionacri.itiss mhomld be curreit

Every attempt is made to have the FCIS reflect the etatue of all environmentally significant
activities and exposures up to and including 1960,

3, Assurance that nrflupnt r-svals and

la) 14-MeV neutron generator

Exposures Reasonably  
etc AU LOW AS Achievable

(ALARA)

The pro]ected fenceline radiation dose of 900 mem 11976) has been reduced to about 166 mrem in
1960. These exposures include a natural background of about 60 mrem. The reduction has been achieved
by transferring many of the high-flux experiments to the more centrally located Building 292. Site
perimeter dosimeters closest to Building 292 show annual increases vithin about 10 wren of natural
backqround.

lb) Divertinq procedures at Livermore sewage treatment plant

After detecting an accidental release at the sewage effluent monitoring etation, Liveraore eite
personnel have about 3 hrs to evaluate the magnitude of the release, eince thie ie the approximate time
required for sewage to flow to the Livermore sewage treatment plant.
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If this evaluation appears to justify diversion, the Livermore sewage plant is notified. The 

decision to divert is made by the sewage plant. Diversion can be placed in two holding basins with a 

5 3 
combined capacity of 1 . 5  x 10 m • Based on the experience of past releases requiring diversion, 

the treatment plant has had little difficulty dealing with treatment of these releases. To duplicate 

the retention and treatment capability now provided by the Livermore plant does not appear to be cost 

e f fective, considering the low frequency with which need for diversion occurs. 

(c) Reduction of tritium releases to air and sewer 

Funding has been requested foe upgrading the ventilation system of Building 331 to provide foe 

collection and retention of the small amounts of tritium released to the atmosphere under routine 

operations. A second system is planned to retain nonroutine releases, which may occur in event of 

failure of pact of the effluent-handling equipment (Section 2 . 1 . 6 . 6  of FEIS) . 

Tritium releases to the sanitary sewer have been reduced to less than 10 Ci per year. These 

releases have had detectable impacts on groundwater in the vicinity of the Livermore sewage plant. 

During the wet season the treated sewage effluent was discharged to Arroyo Las Positas, which served to 

recharge downstream aquifers supplying local groundwater. 

As pact of the Livermore-Amador Valley Wastewater Management program, a pipeline was constructed 

to transport wastewater out of the valley and into the San Francisco Bay. The Livermore sewage plant 

was connected to this pipeline in February 1980. Although the effluent will still be used foe 

irrigation, it will no longer be discharged into the Arroyo, thus eliminating the principal means of 

tritium migration to local and downstream groundwater. 

(d) Northwest entrance 

Traffic on the planned northwest entrance to LLNL will not be exposed to excessive radiation from 

either the Linac (Building 194) or the 14-MeV neutron generator (Building 292) . The reactor (Building 

281) is no longer in operation. During 1979, the annual radiation exposure dose rate at a perimeter 

location closer to these facilities than this planned entrance was within 10 mrem of the natural 

background. 

4. Need for a of annual effluent releases 

Section 3 . 7  of the FEIS contains a 5-yeac summary of annual airborne and liquid radioactive 

effluents. Table 3-1 of the FEIS includes the airborne and liquid effluents from SNLL. 
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5. Groundwater contamination and effects of from the Livermore Water Reclamation Plant 

At the Livermore site, there is no surface discharge of radioactive liquids. At Site 300, 

tritium-contaminated waste in a land burial area has been detected in a nearby spring. However, an 

adjacent well shows tritium levels typical of background . Neither well is used as a drinking water 

source. 

As noted in 3(c) above in February of 1980 the Livermore Water Reclamation Plant was connected to 

the pipeline that transports treated sewage effluent out of the valley. Although about 10% of the 

effluent is still used for irrigation, i t  no longer is discharged into Arroyo Las Positas, thus 

eliminating the principal means of impacting on local and downstream groundwater via recharge. 

6 .  Reference to 1 0  CFR 100 and action in the DEIS 

In the Accident Analysis section, calculated radiation doses from postulated maximum credible 

accidents were compared with 10 CPR 100 because these regulatory limits for accidents appeared to be 

appropriate for purposes of perspective. The DEIS also uses the EPA draft protective action guides to 

provide perspective. Although BPA has no guidance for protective action against lung exposure, it is 

the Laboratories' intention to use the extension described for emergency response planning. 

Response to specific comments: 

l. Section 2 . 1 . 6 . 5--The "accepted standard" is DOB Order 5480.lA. 

2 .  Run-off frOlll the area drained Las Positas will not cause accumulations of 

cadionuclides ln the man-made lake. It is not expected that the use of runoff water from the east of 

the Livermore site will result in any measurable accumulation of radioactivity in the man-made lake. 

) .  of HEPA filter in 2Sl�The changing of REPA filters in Bldg. 251 is 

based on measured flow rate as sensed by individual Pitot tubes. When the dust load on the filter 

reduces the flow below a predetermined rate, the filter is replaced . The frequency of filter change 

depends on work activity in the glove box. Al.l used filters from Bldg . 251 are disposed of as 

transuranic waste (retrievable storage) . At Livermore, the prefilter ' HEPA filter for glove boxes are 

enclosed together so the pre filter cannot be changed separately. 
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4 .  419 and 331 effluent an oversight the description of operation at Building 419 {decontamination) was omitted froai the DEIS. The FEIS contains this information and addresses its relationship with Building 331. 

S. Section 3 . 7--Appendix 2A of the FEIS contains a copy of the Annual Environmental Monitoring Report for 1980. This report discusses the monitoring of additional radionuclides to those described in Section 3 . 7 .  Estimated population doses are presented for significant radioactive effluents and the methodology of dose assessments is described, The monitoring of foodstuff originating in the area is also included in the annual report. 

6. Section 3 . 9--

{a) X/Q values for specific locations were addressed in the Staff Statement in Response to Comments on the DEIS {included in the Record of the Public on the Draft Environmental Livermore Site, California) . 
{b) Off-site concentrations of radionuclides following accidental releases have been too small to warrant individual or population dose estimates. 
{c) and {d) Age groups and health effects for postulated accidents: estimates of these effects can be obtained from the data presented and standard health-effect conversion terms. 

7 .  radiation or concentration refers to DOE Order 5480.lA. 

Response to comments not related to radiation: 

1 .  Alllainckia Fish and Wildlife Service of the Department of the Interior is proposing Endangered Species status for this plant and that 160 acres of Site 300 be declared its cri tical habitat. 

2 .  Both LLNL and SNLL have contingency plans for dealing with safeguard and security problems. 

3. The reference quoted in Appendix 2A in the DEIS is a LLNL published report, which is widely 

distr ibuted. It is therefore impractical to make the correction suggested . 
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eNVIRONMENT AL COALITION ON NUCLEAR POWER 

fa.c:utive Oirecton: George 8oom•mo R O 11 Peach Bollom Po� 17563 717�548· 2836 Judo th John5rud- 433 Orlando Avenue S•ote College Po. 16801 814·237-3900 

�r. � . H .  Pennington 
Mail Station E-201 
U . S .  Department of Energy 
Washin�ton , D . C . ,  20545 
Dear Mr 0Pnnington : 

119 E .  Aaron Dr . 

Sta t e  College , Pa .  

16801 

3 1  December 1978 

In its draft " Environ!'Tlental Imract Statement , Livermore 

Si t e ,  Livermore , California" ( DOE/EIS-0028- 0 )  the department 
of Energy claims to assess the continued ooeration of t h e  
Lawrence Livermore and Sandia Laboratories a t  Livermore Cal . ,  

for environmental imoact a s  renuired by t he National Environmental 

Policy Act of 1969 ( NEPA ) .  The draft reoort also orooorts to 
comnare the costs and benefits o f  c§ntinued ooeration . The 
draft renort does not fulfill this NE0A reouiremen t .  

The very lon� term health conseouences of continued o r  nast 
ooe�ations is comoletety ignored. I n  particula r ,  in 1976 Pohl 

( " Health 8ffect s of �adon-222 from Uranium Mining" in Search, 

7 (  5 )  , 345-350· ,August 1976) nointed out tha t the thorium - 230 i n  
uranium mill tailings decays t o  radium -226 and then to radon-222 , 
with a time scale determined by the 80 ,000 year half life of 
thorium - aJ o .  Kenford ( testimony i n  Three f··�ile I sland Unit 2 
ooeratine li cense hearings before NRG ASLP ) has oointed out that 

uranium - 23,8 in mill tailings and enrichment tailings ( deoleted 

uranium ) decays by several steps thru thorium -230 to radon - 222 , 

and should also be considered. This nosition has been sunPorted 
by the 21 Sent . 1977 memorandUm. of Dr . · ·alter H .  Jordan of the 
NRC ASLB0 to James R .  Yore , ASLB? Chairma n .  These matters have 
also bPen reviewed by D r .  R . L .  Gotchy of the NRC Staff. The NRG 
is currently trying to deal with this radon issue . 

I t  i s  stated in section 3 . 5 .1 . 12 thAt no radioactive wa ste 
remains on site . However, section 3 . 5 . 6 . 1  describes the burial 
of deoleted uranium in oits each of which contains the eouivalent 
of 150 kg of uranium . This IS radioactive waste on site. The total 
ouantity of this deoleted urani� at present should be stated , 
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along with the amounts expected to be added duri� future o oeratio ns . 

This uranium - 238 will decay to radon -22 2 .  Since the uranium 

i s  buried und�r a few feet o f  soil ,  erowion is certain to o c cur , 
and exoose i t  at some future time. All radon emissions -

I 

covered or exoosed , - should be considered for their very serious 
health conseouences . The total burden of such conseouences 
lies with the o neration of this facility. 

In narti cular , consider just one such pit containing 1 50 kg 
of uranium - 238.  The ultimate decay of t hi s  material wi ll 
nrorluce 2 . 1 5  x 1010 curi es o f  radon - 222 . In light o f  the 
EPA estimate I shall sug�est that 1/20 of this escaoes to t h e  
a i r  { " J<:nvironmental analysis o f  the uranium fuel Cycl e ,  
Part I - Fuel 3upnly" E?A , 1973 ) .  The NRC estimate ( R . L .  G<?tcl).y, 
NRC Sta f f  in Three f1�ile I sland U!1it 2 ooera ting license hea rlmgs . )  
o f  the conseouences o f  rel�ase o f  one curie of radon - 222 from 
a western st�te wit h  a U . S .  oooulation of 300 mi llion to be 
0 . 56 ?erson - rem to the bronchial enithel�um . This estimate 
used in thi s case results in total of 6xl0 p e rson - rem. 

The NRC esti�ate of cancer r�sk ( Same reference ) is 2 2 . 2  deaths 
�er million nerson-rem. This leads to a t o tal of 1 3 , 000 deaths 
from a single burial oit containing 150 kg of uranium . Such long -

term imna cts should not b e  ignored in the final EI S .  
0lutonium and americium levPls are discussed in section 2 . J . 1 1 .  

These are given P. S  condentrations . I t  would be useful t o  have 
estimates o f  t h e  total ouantit i e s .  Radioa ctive solid waste i s  
discussed i n  section 3 . 5 . 1 .  A ga in , i t  woul d be useful to have 
a mea sure of the td al auantities of radioa ctivity, by isoto�e, 
contained therein. The draft EIS takes no impa ct from the 
disnosal o f  this materia l ,  therefore a s suming oerfect management , 
whicb. i s  not the ca se . The environmental impa ct of the Livermore 
oner� tion includes t h e  imoa cts from all the wc stes genera ted there. 
To ignore these imna cts would n o t  be entirely candi d .  NEPA 
reouires that this be considered. I n  Calvert Cliffs Coordinating 

Committee v .  USAEC , 449 F. 2nd 1109 ( D . C .  Cir . , 1971 ) the court stated: 

1· e conclude , then , that Section 102 of N\PA mandates a 

narti cular sort o f  careful and informed deci si·Jn...,making 
nrocess and creates dudiciallt enforcable duties • • • •  

13ut i f  the decision '·.ra s reached procedurally without 
individuali z ed consideration anrl balancing of environmental 
fa ctors-- conducted fully and in good faith -- it is the 

resnonsibility of the courts to reve r s e .  ( emnhasis added ) 

Thus , all environmental costs must b e  considered fully. Furt hermore , 
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tre radioactive materials must be � considered for the full 

oer!od of their radioactive decay, a s  footnote 12 of NRDC v .  

USNRC , 547 F .  2nd 633 ( D . C .  Cir . 1976) states in part: 

1!:e note at the outset that this st.sndard is misleading 
because the toxic life of the wa stes under discussion 
far exceeds the lite of the olant being licensed. The 

environmental effects to be considered are those flowing 

from the reorocessing and passive storage for the full 

detoxification period. 

Thus the estimates of health consenuences must be ex�ended over 
several half lives of the snecies under consideration. 

The a ccomoli shments of LLL are considered in section 2 . 1 . J . 2 ,  

including the testin� o f  the Sne rtan warhead at Amchitka . I t  xx 
should be noted t�at there are other environmental costa associated 

with these oner�tions includin� nroduction of the ��rhead materia l s ,  
and t h e  imna cts of the Amchitka test which are not discussed. 

Similarl�, section 9 . 1  discusses the benefits r£ continued llll!! 
ooerAtionsx, including increased national security from nuclear 
weaoons development . It should be noted that the security arises 
if the \·!eaoons are in fact manufa ctured , and this nrocess has x 
large envirommental costs associated with materials nroduction , 

and other a ctiviti es . These other costs are associated with this 
benefit which is listed here as if that benefit were solely 
due to LLL operations. This may be difficult to address , but 

must not he ig.noP.ed. 

I hone these concerns c�n be addressed in the final EIS .  

Sincerely, 

w� a �  
1·in. A .  Lochstet 
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Department of Energy 
Washington, D.C. 20545 

G .  Facer, DP 
A .  Schoen, EV 
J .  Swi nebroad , EV 
R. Stern , EV 
S .  Mi l ler,  OGC 
D .  Smith, AD 
R .  Mi l l er ,  AL 
C .  L i ndeken , LLL ( 2 )  
J .  Jeutten,  SAN 

JAN 2 4 1979 

Li brary, Room 1 223 , 20 Mass Avenue 
G .  Denn i s ,  AL 
G. Pi tchford , CH (2)  
R. Blackledge , ID 
J. Fel ton , OR 
T. Bauman , RL 
D. Cook, SAN 
D. Peek ,  SR 
D .  Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028-D, 
LIVERMORE SITE , LI VERMORE , CALIFORN IA,  SEPTEMBER 1 978 

Attached for your i nformation or pl acement in your respective 
publ ic  document room for publ i c  i nspection i s  a Copy Of COlllTient 
letter No. 22 received on the subject draft statement from 
Mr. Wi l l iam A.  Lochstet, Envi ronmental Coa l i tion on Nuclear 
Power, dated December 31 , 1 978 . 

Attachment 

��-�"�,?tJ�ab 
Division of NEPA Affairs 
Office of Envi ronmental Compl i ance 

and Overview/EV 
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Response to Letter 2 2  

DOE RESPONSE TO LETTER P' ROM  THE ENVIRONMENTAL COALITION ON NUCLEAR P<>WER 

Waste 

Section 3 . 5 . 1 . 12 of the DEIS refers to the Livermore site, while 3 . 5 . 6 . l  refers to Site 300 

operations. Depleted uranium debris from high-explosives tests at Site 300 has been buried there in 

accordance with land burial regulations contained in lOCFR2 0 . 3 0 4 .  

Radon hazard from uranium 

Prior to isotopic separation of 2350 from 2380 by gaseous diffusion, the uranium is chemically 

separated from its radioactive decay products. A.s a result, the depleted uranium used at Site 300 is 

essentially fre� of radium-226, the parent of radon 222. 

the Warhead at Amchitka 

The scope of the DEIS was limited to assessing the site-specific environmental impacts of 

Livermore operations. The scope does not include environmental impacts of nuclear weapons testing or 

the impacts associated with nuclear weapons production. 
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OFFICE OF THE SECRETARY 

RESOURCES BUILDING 

1416 NINTH STREET 

95814 

(916) 445-5656 

Department of Conservation 

Department of Fish and Game 

Department of Forestry 

Department of Navigation and 

Ocean Development 

Department of Parks and Recreation 

Department of Water Resources 

EDMUND G. BROWN JR. 
GOVERNOR OF 

CALIFORNIA 

THE RESOURCES AGENCY OF CALIFORNIA 

SACRAMENTO, CALIFORNIA 

U .  S .  Department of Energy 
Washington, D .  C .  20545 
Gentlemen: 

Air Resources Board 

Callfornla Coastal Commission 

Callfornla Conservation Corps 

Colorado River Board 

Energy Resources Conservation and 

Development Commission 

Regional Water Quallty Control Boards 

San Francisco Bay Conservation and 

Development Commission 

Solld Waste Management Board 

State Coastal Conservancy 

State unds Commission 

State Rectamatlon Board 

State Water Resources Control Board 

UAN 1 7  1979 

The State of California has reviewed the "Draft Environmental Impact State
ment Livermore Site" which was submitted to the Office of Planning and 
Research in the Governor ' s  Office. 

The Stat e ' s  review was coordinated with the Departments of Water Resources, 
Fish and Gaine, Food and Agriculture, Health Services, Censervation and 
Transportation; the Air Resources and State Water Resources Control Boards ; 
and the Public Utilities and Energy Commissions . 

The DEIS has been reviewed by the Department of Health Services with 
particular emphasis on the radiologieal impacts. It was coneluded , based on 
information provided in the DEIS, that the existence and continuing operation 
of the Livermore Site does not present a radiological health hazard ta 
members of the public in the vicinity of the facility. However, the state
ment itself does not provide sufficient information for an independent assess
ment to be made regardini the adequacy of the Lawrence Livermore Laboratory 
(LLL) Environmental Radiological Prograin. Similarly, essentially no informa
tion is provided regarding LLL emergency procedures in the event ef accidental 
release of radioactive material that could potentially affect members of the 
public. 

The document should provide a comprehensive swmnary of infermation relating 
to the conduct of operations at the laboratory in order that the public and 
health protection specialists can be adequately informed about the impact 
of the laboratory and the implications of the laboratory' s  existence in areas 
of their purview. Obviously, there is a trade-off between providing excessive 
detail and the manageability of the decument. The DEIS could be improved in 
the area of radiological impact assessment through the strengthening of 
reference document.ation and with the addj,.tion of some discussion. Specific 
COllDllents on these points follow, with references to the sections in the 
document. 
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Section 2 . 1 . 8  Environmental 

The presentation of the LLL Environmental Monitoring Program could be strengthened 
by the addition of a discussion of the legal, administrative and technical 
bases for the program. For example, the· legal-administrative requirements 
should be summarized with reference to appropriate DOE manual chapters . Docu
ments should be cited which explain the technical design of the environmental 
monitoring program; i . e . ,  sampling and measurement frequency and location 
specification and criteria. Documentation should be provided for sampling, 
analysis and quality assurance procedures . 

Additional information should be provided on results of the radiological 
monitoring program, including those data that support the conclusi'on that no 
environmental buildup of radioactivity has occurred as a result of the 
laboratory' s  continuing operation . 

Information provided in this DEIS is inadequate, as it stands, to provide 
support for indepe�ent conclusions to be made by public health professionals 
in other agencies concerning the environmental effects of the laboratory. 
The additional information requested should be provided to assist in develop
ing this independent assessment. 

Section 3 . 5 . 1 . 7  - 331 

So:me discussion would be desirable in Section 3 . 5 . 1 . 7 . 3  concerning stack 
effluent monitor alarm trip points and associated emergency control actions . 
This should include a summary of LLL internal notification and response pro
cedures in the event of a monitoring alarm trip, similar to the information 
provided regarding liquid effluent monitoring in Section 3 . 5 . 1 . 13 (pg. 3-20) . 

Section 3 . 5 . 1 . 15 Radioactive Waste Releases 

This section states that "During 1976, 120 m3 of packaged solid waste was 
shipped from Livermore". Does this include both transuranium contaminated 
waste and waste which does not contain transuranium isotopes? It would be 
desirable to �ave a summary of waste volumes and the number of · shipments in 
terms of category and disposal site designation. That is, identification 
in terms of shipments to DOE facilities and to coDDDercial burial sites. 

Table 3-1 3-22) 

This table should 
·
include the identification of release points if possible, 

to aid in the assessment of potential impacts. For example, are the tritium 
and argon each released from a single stack or vent? Are all the isotopes 
in liquid effluents released to the sanitary sewer? 
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Section 3 . 5 . 2 . 2  Sewer 

It is observed that the combined outflow fr0m the Sandia and Livermore 
Laboratories leaves the site through a vitrified clay sewer line built by 
the Navy in 1942. A:re regular tests for the continuing integrity of this 
line performed in the offsite monitoring program? If so what are the results? 

Section 3 . 5 . 2 . 3  Livermore Water Reclamation Plant 

It would be appropriate in this discussion of environmental effects of LLL, 
to have included in this section a discussion of plans for ultimate disposal 
of waste water. The DEIS should note that the Livermore-Amador Valley Water 
Management Agency Project currently scheduled for completion late in 1979, 
will intercept most of the Livermore treated waste discharge and transport 
it out of the valley for ultimate disposal into San Francisco Bay via the 
East Bay Discharge Authority Syste� outfall .  The city of Livermore will, 
we understand, still continue to "reclaim" about 20 percent of its effluent 
via local irrigation. 

Section 3 . 5 . 6  Waste at Site 300 

The surface and ground water monitoring program in the environment of the 300 
site should be described in better detail ,  particularly in view of the proximity 
of the State Water Project California Aqueduct. It is not apparent whether a 
program exists to measure potential movement of nuclides from radioactive waste 
buried on the site. This could occur through overland and near-surface flow 
into intermittent streams, or through down gradient flow into the regional 
groundwater systems, for example. The relation between sampling points, points 
of water use (if any) in this vicinity, and the burial sites, in the context of 
the 300 site vicinity hydrology should be discussed. If this analysis has been 
conducted elsewhere, the findings should be summarized and referenced. 

Section 3 . 7  

This section sUllUllarizes estimated annual individual offsite radiation exposures 
attr1butabfe to LLL routine radioactivity releases. It would be desirabl� to 
provide a reference to the actual analyses performed, which would include a 
more detailed discussion of the assumptions used in the development of the 
model. A statement should be made about the population dose, in addition to 
the data presented for individual members of the public in the area potentially 
affected by LLL operations . 

Section 3.9 Accident Analysis 

This section is deficient in that essentially no information is provided re
garding emergency procedures and planning activities in the event of potential 
offsite impacts. This section and Appendix 3-B (Disaster Control Plan) tend 
to project the view of LLL as a self-contained and essentially self-sufficient 
organization. 
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No mention is made o f  procedures for notifying responsibl e  individuals offsite 
in the event of an incident . Certainly, local, state, and various Federal 
agencies may play a part in the event o f  an accident having offsite consequences 
at LLL as they did in the August 6 ,  1970 tritium incident . 

Existing notification procedures should be summarized for the organiza�ions 
with whom emergency action agreements exist. This should include police, fire, 
medical, public health, and transportation agencies and other organi zations as 
appropriate. In particular, notific�tion and emergency procedures involving 
radioactive material releases and spills which could concernabl y  affect members 
of the public should be summarized. This should include incidents involving 
radioactive materials shipments to and from LLL. The public notification 
criteria should be documented. 

Section 3 . 9 . 2  of Postulated Accidents 

The potential offsite effects of fault movement at the Sandia Laboratory is 
not discussed in the maximum credible accident analysis listed in this section. 
Is the inventory of tritium in Building 331 in fact the maximum that can occur 
at this site, and do larger quantities ever exist at Sandia? 

The following brief questions or comments are arranged by page number appearing 
in the DEIS. 

The document discusses possible site expansions and a new entrance (page 1 --3,  
Section 1 . 2 .  third paragraph) , yet the impact of these i s  not discussed in 
Sec. 3 . 8 . S ,  Traffic and Transportation. Figure 2 . 1 0  shows the new entrance 
schematic oriented toward Vasco Road. The last sentence in Sec. 3 . 8 . 5  states 
that additional use o f  the Greenville Road entrance should be encouraged. 'nle 
two appear to be in conflict. I f  traffic is to be encouraged to use Greenvil l e  
Road, such added use o f  this street may impact the operations o f  the Greenvi l l e  
Road/Interstate 580 Interchange . 'nlis should b e  discussed, as should the impact, 
if the proposed Vasco Road entrance i s  built. 

2-27, Line 17 

Does this n1ean that there are no offsite tritium monitors at the Sandia Research 
Laboratory , so that that facility depends upon LLL ' s  ambient tritium monitoring 
capability? 

I f  any action level exists based on environmental monitoring resul ts , then 
they should be published in the DEIS. I f  not, please explain. 

2 - 2 9 ,  Tab le 2-1 

'nle inference i s  that grab samples are obtained daily. I f  samples are col lected 
continuously out of the waste streams , then this should be indicated. 

2-58 

'nle value of 70 mm for average annual rainfall at site 300 appears to be in 
error, as does the reference to San Francisco University on the next page. 
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2-60 and 2-62 

Tite reference citations are apparently in error, should be rechecked. 

3-20, Line 1 

Is any attempt to make the alarm system, which activates when a tank is ful l ,  
redundant or otherwise fail-safe? If so, it should b e  described. 

3-20, Line 15 

Are the drinking water standards referred to the ones promulgated by the Public 
Health Service in 1962, or the current EPA standards? 

3-21 

Tite fate of the solid waste which collects as sludge in the cooling towers 
is not discussed in the DEIS, and should be if any leaves the site .  

3-27 Line 28 

Tite sewage monitoring system referred to does not include analysis for tritium. 
Tite monitoring program in existence for this radionuclide should be described 
separately. 

3-65, Lines 22 and 23 

A reference to the basis for this conclusion should be given. 

In general, review of the DEIS was hampered by the fact that maps and photographs 
were not always provided with a compass direction, that building numbers were 
not provided on layout maps , and that a map showing the relative locations of 
LLL, Sandia, and Site 300 in somewhat better detail was not provided. 

Titank you for the opportunity to review this document. 

cc: Director of Management Systems 
Office of Planning and Research 
1400 Tenth Street 
Sacramento, CA 95814 

Sincerely, 

/ �;�?-� L. Frank Goodson 
Assistant Secretary for Resources 
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Department of Energy 
Washington, D.C. 20545 

G .  Facer, DP 
A .  Schoen , EV 
J .  Swinebroad , EV 
R .  Stern , EV 
S .  M i l l er ,  OGC 
0 .  Smith, AO 
R. Mi l l er,  AL 
C .  Lindeken, LLL (2)  
J .  Jeutten, SAN 

JAN 2 9 1979 

Li brary , Room 1 223 , 20 Mass Avenue 
G .  Denni s ,  AL 
G .  ·Pi tchford , CH ( 2 )  
R .  Blackledge, I D  
J .  Felton , OR 
T. Bauman , RL 
D. Cook, SAN 
D. Peek, SR 
0. Jackson, NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , OOE/EIS-0028-0, 
L IVERMORE SITE , LIVERMORE , CALIFORNIA,  SEPTEMBER 1 978 

Attached for your i nformation or pl acement i n  your respective 
publ ic  document room for publ i c  i nspection i s  a copy of colTITlent 
letter No . 23 received on the subject draft statement from 
Mr. L .  Frank Goodson , Assi s tant Secretary for Resources , 
The Resources Agency of Cal i forn i a .  dated January 1 9 ,  1 979 .  

Attachment 

W .  H .  Pennington 
Division of NEPA Affai rs 
Office of Envi ronmental Comp l i ance 

and Overview/EV 
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Response to Letter 23 

DOE RESPONSE TO LETTER FROM TH£ RESOURCES AGENCY OF CALIFORNI� 

Section 2 . 1 . 8 ,  Environmental 

Appendix 2A of the FEIS contains a copy of the 1980 annual environmental monitoring report. An 

appendix of the annual report contains a description of sampling methods and analytical procedures used 

in the Livermore environmental monitoring program. These appendices will provide the detailed 

information requested. 

Section 3 .  5 . 1 .  7 

The Building 331 stack effluent monitoring system monitoring alarm settings are primarily intended 

for alerting building personnel, who investigate any such alarm and take corrective action. Although 

·1ite management are informed, action by outside agencies is not requ ired. 

tn contrast, release of radioactivity or toxic chemicals to the Livermore sanitary sewer system 

may require flow division at the treatment plant. Here the action of an outside agency is required and 

this is the reason why the notification procedure was mentioned in the DEIS. 

Section Radioactive Wastes 

3 During 1979 376 m of packaged radioactive solid waste was shipped from Livermore. Of this 

t•)tal 33 m
3 

was transuranic (TRUJ waste. Three shipments of TRU waste were made to NTS during 1 9 7 9 .  

Table 3-1 

The identification of effluent release points ace clarified in the FEIS. Appendi x  2A of the FEIS 

contains a table (Table 3 2 ) ,  which identifies the source of the radioactive effluents released to the 

atmosphere. The Livermore reactor (Building 281) was shut down in 1980, so this release point no 

longer exists. All radioactive liquid effluents released at Livermore are released to the Livermore 

sanitary sewer. 
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3 . 5 . 2 . 2  

Two wells along and adjacent to the section of the sewer line built by the Navy have been 

monitored annually for tritium activity as a means of assuring the integrity of this line. 

In 1980 use of the line was discontinued. The Livermore sewage effluent is now discharged at the 

northwest corner of LLNL into a new section of sewer that runs north to the Western Pacific Railroad on 

DOE-owned land and then west along the railroad's right-of-way crossing Vasco Road to the City of 

Livermore's industrial sewer line. 

3 . 5 . 2 . 3  

The Livermore-Amador Valley Water Management Agency pipeline is discussed i n  Appendix 2A and 

section 2 . 1 . 8 . 3  of the FEIS. 

The surface and groundwater monitoring program at Site 300 is described in Appendix 2A. 

Appendix E of the 1980 annual environmental monitoring report (Appendix 2A of the PBIS) describes 

the methodology used for calculating off-site radiation doses due to routine radioactive releases. 

These methods are based on the U . S .  Nuclear Regulatory Commission ' s  Regulatory Guide l . l . 0 9 .  

The Staf f  Statement i n  Response to Comments on the DEIS ( included in the Record of the 

Public on the Draft Environmental Statement, Livermore Site, California) 

discusses the DOE role in emergency planning in the public sector as well as the notification channels 

that have been established. 
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The discussion of seismic movement on the Livermore site appears in Section 2 . 3 . 3  of the FEIS. 

In the FEIS the maximum credible accident involving tritium is based on a hypothetical accident at 

SNLL ' s  Tritium Research Facility (Building 968 ) . Here the accident does involve the entire building 

inventory. 

A separate environ111ental assessment is being written to address the environmental impact of the 

new entrance to LLNL. 

2-27 Line 1 7  

LLNL has established and maintains 2 tritiated-water-vapor samplers i n  the off-site vicinity of 

SNLL. The approximate locations for these samplers are shown in Figure 4 of Appendix 2A in the FEIS. 

These are historical samples and not real-time tritium monitors. Typical concentrations observed are 

-11 3 -7 3 
10 µCi/m compared with the Concentration Guide of 2 x 10 µci/m for uncontrolled 

areas. 

2-29 Table 2-1 

Samples of sewage effluent are collected continuously by an automatic sampler. Daily aliquots are 

collected from this sampler for certain analyses . For some analyses these aliquots are composited for 

monthly analyses . 

2-58 

The errors in Sections 2 . 3 . 7 . 6  and 2 . 3 . 1 0  have been corrected in the FEIS. 

2-60 - 2-62 

The reference to Beck et al. has been corrected in the FEIS. 

3-20 

Radioactive liquid effluents discharged to the sanitary sewer are treated to reduce radioactivity 

to aa low aa reasonably achievable (AI.ARA) and well below the standards of DOE Order 5480.lA. 
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J-21 

Cooling tower blowdown is discharged to the Livermore sanitary sewe r .  Sludge is handled a s  

hazardous waste according t o  the provisions of the Resource Conservation and Recovery Act. 

J-27 Line 28 

An aliquot of the daily sewage sample is analyzed for tritium. The results for 1980 are d iscussed 

in Appendix 2A of the FEIS. 

3-65 Lines 22 and 23 

In the FEIS these lines have been changed to read "Radioiodine inhalation doses are not increased 

by the presence of fog since the droplets, which typically have diameters of 8 to 20 µm, are too 

large to be readily inhaled . "  References are given for both the size range of fog droplets and their 

inability to be inhaled. 

Your comments have been considered in upgrading the figures in the FEIS. 
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ALAMEDA COU NTY PLANN I NG DEPARTMENT 
399 Elmhurst Street, Hayward, California 94544 

Mr. Colvin Jackson 
United States Deportment of Energy 
1 333 Broadway 
Oakland, CA 946 1 2  

Dear Mr. Jackson: 

(415) 881 -6401 

Apri I 2, 1 979 

The Alameda County Planning Commission has the responsibility of planning for lands in 
Alameda County which may be impacted by the operation of the Lawrence Livermore 
Laboratory. The Commission considered a staff report on the Draft Environmental 
Impact Statement Livermore Site, Livermore, California, September, 1978, prepared by 
the U.S. Department of Energy at their meeting of Monday, March 19, 1979 to become 
familiar with potential impacts. 

The comments which follow are submitted to you for review and response in the Final 
Environmental Impact Statement. 

I .  The distribution of the DEIS to this Commission did not occur with sufficient 
time available to respond under the original schedule. This did not permit the 
time necessary to review the total document fully. The Commission had only 
one copy of the DEIS for its use. 

2.  The summary contained in the DEIS is brief to the point of being inadequate, 
and seemed to treat the substance of the report rather superficially. 

3. There appears to be minimal correlation of the County General Plan and its 
elements with the evaluation made in the DEIS. It is questionable whether 
the County planning elements were reviewed as part of the preparation of the 
base document. 

4. The DEIS appears deficient in its consideration of the impacts on the water 
resources in the Valley to the extent that the DEIS is judged to be inadequate 
for use in assessing the impacts the Lab may have on the surrounding 
community. This is particularly evident in the apparent lack of attention 
given to the impacts of any accident on the surface and ground water 
resources. The volume of liquid containing radio nuclides located at the 
laboratories is not identified nor is the direction of accidential spill 
addressed. In addition, air borne contamination that may be deposited on the 
surrounding properties with subsequent surface water runoff directly 
affecting the health and safety of ·the public and ultimately carrying the 
material back into the surface and underground water system has not been 
addressed. 

S. The impacts of a potential nuclear contamination entering the municipal 
waste disposal system should be assessed. 
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Mr. Calvin Jackson 
April 2, 1979 
Page 2 

6. There is lack of agreement by geological authorities regarding the location 
and potential effects of the Las Positas fault. Additional geologic studies 
should be made and included in the final DEIS to resolve all questions on this 
matter. 

It is requested that the additional studies suggested above to bring the report into 
conformance with the Federal Guidelines for the preparation of a DEIS be completed and 
that the new information be distributed to those receiving this DEIS so that comments on 
the new information may be included in the final DEIS to be certified by the Deportment 
of Energy. 

Thank you for your assistance and attention. 

WHF:rr 

cc: Board of Supervisors 
Director of Public Works 

William H. Fraley 
Secretary 
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Department of·Energy 
Washington. D.C. 20545 

G. Facer, DP 
A. Schoen, EV 
J .  Swinebroad , EV 
R. Stern , EV 
S .  Mi 1 1  er,  OGC 
D .  Smi th,  AD 
R .  Mi 1 1  er , AL 
C .  Li ndeken, LLL ( 2 )  
J .  Jeutten , SAN 

APR 2 6 1979 

Li brary , Room 1 223 , 20 Mass Avenue 
G. Denn i s ,  Al 
G .  P i tchford , CH (2 ) 
R. Blackledge, I O  
J .  Felton, OR 
T. Bauman , Rl 
D. Cook,  SAN 
D. Peek, SR 
D. Jackson , NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT, OOE/EIS-0028-0 ,  
LIVERMORE SITE , LIVERMORE , CALIFORNIA, SEPTEMBER 1 978 

Attached for your information or pl acement i n  your respective 
publ i c  document room for publ i c  i nspection i s  a copy of COlllllent 
l etter No . 24 received on the subject draft statement from 
Mr. Wi l l iam H .  Fraley, Secretary, Al ameda County P l an n i ng 
Department,  Hayward, Cal i forn i a ,  dated April 2 ,  1 979. 

Attachment 

lD. N �&-Jr 
W .  H .  Penni ngton 
Office of Envi ronmental 

Compl i ance and Overview, EV 
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Response to Comment Letter 24 

DOE RESPONS E . TO  LETTER FROM THE ALAMEDA COUNTY PLANNING DEPARTMENT 

l. Distribution o f  DEIS 

Notice of the publication of the Livermore DEIS in September 1979 was contained in the Federal 

Register. Copies were distr ibuted to State and local government organizations and private c i t i zens 

i�rlicating an interest in Livermore Site operations. We regret that your copies were delivered too 

late to prepare comments during the specified comment period. 

2. of DEIS 

The DECS summary was prepared in the format of a linear abstract using, wherever possible, topical 

sentences. An attempt was made to avoid including details that could better be obtained by reading the 

body of the statement. 

J. Alameda General Plan 

The DEIS has been revised so as to more clearly reflect the objectives of such local plans as the 

Alameda County General Plan (Section 2 . 1 . 8  of the FEIS) . tn addition, the Alameda County Plannin� 

Department was contacted foe information on land-use plans for property west of the LLNL site and the 

Alameda County Road Department was contacted for traffic data at the East Avenue and Vasco Road 

intersect ion . 

4. Water Resource� 

An adjunct of the Site Seismic Safety Program ' s  effort to evaluate geoloqic hazards at the LLNL 

site is the site hydrogeoloqic study. The goal of this study is to determine the likelihood of a 

potentially hazardous l iquid spill on site traveling through the unsaturated zone and reaching the 

groundwater. Acquiring data for a detailed characterization of the LLNL subsurface geoloqy and 

hydroloqy, toqether with laboratory and field experimentation and flow modeling, is necessary foe 

evaluating this potential groundwater contamination. This study will detemine whether there are any 

groundwater barriers to such contamination. The results o f  this study will be published as a separate 
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report and will be used in evaluating the potential for contamination of groundwater in the LLNL 

environs. 

s. waste 

Radionuclide& entering the municipal waste disposal system are typically removed in the waste 

treatment process and retained in the sewage sludge. With the continuous monitoring capability now in 

use at the LLNL point of effluent release, an accident of the magnitude discussed in Section 3 . 9  was 

not considered credible. 

6. Las Positas Pault 

Baaed on the letters received during the co111111ent period for the Livermore DEIS and the questions 

raised at the Public Hearing on the DEIS, an extensive Livermore Geologic and Seismic field test 

prograa was undertaken. Questions raised concerning the Las Positas fault are being addressed in this 

study. Results of this work will be reported as a separate report scheduled for publication in 1982 • 

• 
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SAN FRANCISCO 
CHAPTER WE MOVED . OUR 

NEW ADDRESS IS SIERRA CLUB College Ave. 
Oakland , ca. 94618 

April 1 2 ,  1 9 7 9  

Mr .  W . H .  Pennington 
Department of Energy 
Washingto n ,  D . C .  20545 

Re : Draft EIS Livermore Site , California 

Mr .  Pennington, 

The Sierra Club San Franc isco Bay Chapter area includes the 
Livermore Valley in its coverage of Alameda, Contra Costa, Marin 
and San Francisco Counties . Sierra Club members in the valley 
and bay area communities have an ongoing interest in and 
commitment to a policy on nuclear research which reflects a 
concern over public health and safety questions involving 
exposure to radiation and cont ingency planning. 

In discussion of the Livermore Site and review of the 
Environmental Impact Statement with other local citizens groups ,  
the Bay Chapter found the EIS lac king information on several 
important point s .  

We believe the public has a vital interest in solid information 
on the risks of exposure to radioactive materials .  Therefore, we 
lay particular stress on the value of completing the epidemio
logical study begun at the Livermore Lab, including study of 
subpopulations of employees working at Site 300 and those with a 
record of exposure to radiation. The study should be completed 
and its results made public. 

Also, the Environmental Statement should contain an outline 
of a thorough emergency response plan for the Labs and surrounding 
communities . 

Again , along tnat same line o f  public information/public 
assurance , we would wish to see-1h the EIS a complete presentation 
of informat ion on the amount s  of plutonium handled at the Labs 
and its transport and disposal. Recognizing that certain information 
is sensitive and may be classified, we suggest that s statement 
could be made about limits of maximum amounts of plutonium used. 

Finally, the seismic information .published in the Draft EIS 
appears unfinished, unquantified, and �potted w�th unanswereQ 
questions. We would like to see the seismic analysis complete 
soon by an independent agency such as the US Goelogical Surve y .  

Thank you for this opportunity to express our concern s .  � �� 10-190 Conservation Committee Chair 
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Department of Energy 
Washington, D.C. 20545 

G.  Facer, DP 
A .  Schoen, EV 
J .  Swinebroad, EV 
R. Stern , EV 
S .  Mi l l er ,  OGC 
0. Smi th , AO 
R. Mi l l er ,  AL 
C. Lindeken, Lll (2)  
J .  Jeutten, SAN 

APR 2 6 1979 

li brary, Room 1223 , 20 Mass Avenue 
G. Denni s ,  Al 
G .  Pi tchford , CH (2)  
R. Bl ackledge , I D  
J .  Felton, OR 
T. Bauman , Rl 
0. Cook, SAN 
D. Peek, SR 
D. Jackson,  NV 

COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT, OOE/EIS-0028-0, 
L IVERMORE SITE,  LI VERMORE , CALI FORNIA,  SEPTEMBER 1 978 

Attached for your infonnation or pl acement i n  your respective 
pub l i c  document room for public inspection i s  a copy of c0111Tient 
letter No. 25 received on the subject draft statement from 
the San Francisco Bay Chapter Sierra Club, dated April 1 2 ,  1 979. 

Attachment 

W. H .  Pennington 
Office of Envi ronmental 

Comp l i ance and Overview, EV 
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. Response to Co11111ent Letter 25 

OOE RESPONSE TO LETTER FROM THE SIERRA CLUB 

Section 3 . 7 . 2 . l  of the FEIS addresses the status of epidemiological studies . 

Section 3 . 4 . 3  of the FEIS discusses emergency response plans . 

PlutoniWI 

Aa you auggeat actual movement of plutoniwa within the site ia sensitive information due to 

safeguards and security considerations . The quantity of plutonium permitted in Building 332 at any 

ti- is limited to 225 kg. Transportation impacts are discussed in section 3 . 9 . 2 . 7. 

Baaed on review and cOlllllent in the Livermore DEIS, the seismic and geology portion of the document 

waa rewritten and greatly expanded. In addition, a comprehensive geologic investigation which will 

include review by the USGS and independent consulting groups was undertaken to evaluate on-site and 

pertinent regional geologic conditions that might influence the safety of the Livermore site. The 

findings of this study will be made public as a separate publication , scheduled for publication in 1982. 
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UNIVERSITY OF CALIFORNIA, DA VIS 

BEJUCELEY • DAVIS • JRVINE • LOS ANCEL:ES • BJVEJ\SWE • SAN DU:CO • SAN FRANCISCO SANTA BARBARA • SANTA CRUZ 

COLLEGE OF ENGINEERING HERTZ HALL 
DEPARTMEPfT OF APPUED SCIENCE OAVIS.llvERMORE POST OFFICE BOX 808. L· 794 

LIVERMORE. CALIFORNIA 945$0 

Mr .  W. H .  Pennington 
Department of Energy 
Washington, D .  C .  20545 

Dear Mr. Pennington: 

April 13, 1979 

Re : Draft EIS, Livermore Site September 1978 

The Draft EIS is obviously of a different character than the 
majority of EIS ' s :  it reports on a program that has a quarter
century history. Thls the program stands on its history of 
protecting the public health and welfare. One result of this 
is that the report can be much briefer than a document which must 
speculate about future environmental impact s .  Nevertheless , there 
are some omissions. 

The first is that there is no discussion of the effect of an 
earthquake on the LPTR. Is there no chance of loss of water from 
the pool? If such an event occurs , wha t will be the result? 

'nle second concerns the LLL program in in-situ gasification. If 
successful, will the coal-gas be free of the ring-compounds known 
to be carcinogenic? Is the program even considering the variety 
of secondary reactions that can take place in-situ? 

The third is an omission which could assist the public in evaluating 
the effectiveness of the perimeter and off-site monitoring program-
the monitoring program. I recognize the law and tradition 
focuses EIS ' s  "outward . "  However, the previously uninformed reader 
of the EIS is left with the impression that monitoring takes place 
at the permeter outward . In fact, there are 7000 mobile monitoring 
stations constantly sampling the environment within the perimeter. 
This may seem a trivial point, but such internal systems could 
have prevented several recent industrial tragedies. The one with 
which I ' m  most familiar is the Kepone episode in Hopewell, Virginia. 
There the employees brought the neutrotoxin into their homes, exposing 
their families. Such a situation could have been prevented gad an 
internal monitoring program been in effect. That LLL has such a 
program should be part of the EIS. 
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Finally, two nit-picks: The Department of Applied Science building 
is closer to 1000 m2 than the 30, 000 m2 listed. Your entymologists 
missed occidentalis, the common yellowjacket .  

Sincerely, 

Department of Applied Science 
WKT: khs 

Att: 
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APR 2 6 1979 
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R.  Bl ackledge, I D  
J .  Felton, OR 
T .  Bauman , RL 
D .  Cook, SAN 
D. Peek, SR  
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COMMENTS ON DRAFT ENVI RONMENTAL IMPACT STATEMENT , DOE/EIS-0028-D, 
LI VERMORE SITE, LIVERMORE , CALIFORNIA,  SEPTEMBER 1 978 

Attached for your i n formation or pl acement i n  your respective 
publ ic  document room for publ i c  i nspection is a copy of corrment 
letter No . 26 received on tne subject draft statement from 
Professor Wi l son K. Talley, University of Cal i forn i a ,  dated 
Apri 1 1 3 ,  1 979. 

Attachment 

�-� .. !f.��]0/gdr 
Of.fice of Envi ronmental 

Compl iance and Overview, EV 
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Response to Comment Letter 26 

OOE RESPONSE TO LETTER FROM MR. WILSON TALLEY 

Seismic of the Livermore Reactor 

According to the analyses made in the Safety Analysis Report (SAR) for the LPTR, the reactor was 

capable of withstanding a peak horizontal acceleration of o . s  g. This SAR also states that even with 

toss of coolant core meltdown would not occur. 

The LPTR was shut down in 1980 and the fuel elements have been removed , 

In-situ 

The scope of the in-situ gasification program is limited to determining the engineering 

feasibility of fuel recovery by in-situ processing. 

Section 3 . 7  of the FEIS describes •employee monitoring• which is conducted as part of the program 

designed to provide foe the health and safety of employees at the Livermore site. 

of Science 

The error in listing the area of this building has been corrected in the FEIS. 

We have included the yellowjacket in our list of insects under the heading of wasps. 
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APPENDIX l A  

GLOSSARY OF TERMS 

The definitions of terms used in the LLNL and SNLL Environmental Impact Statement follow the 

usaqes developed during operations on the Livermore site and are in general aqreement with established 

standards. 

accelerator : an apparatus for impartinq hiqh velocities to charged particles. 

activation: the induction of radioactivity in material by irradiation with neutrons, radioactive 

mater ial, a radiation generatinq machine, or a nuclear reactor . 

activity: a measure of the rate at which a material is emittinq nuclear radiations, usually given in 

terms of the number of nuclear disinteqrations occurring in a qiven quantity of material over a 

unit of ti111e . The standard unit of activity is the curie {Ci ) .  

alpha radiation: an emission of particles (helium nuclei) from a material undergoing nuclear 

transformation: the particles have a nuclear mass number of four and a charge of plus two. 

aquifer: a subsurface formation containinq sufficient saturated permeable material to yield 

siqnificant quantities of water. 

AEC: Atomic Energy Commission, established by the Atomic Enerqy Act of 1946 and succeeded in 1975 by 

the Energy Research and Development Administration and the Nuclear Requlatory Conunission. In 

accordance with the Department of Energy Organization Act, the Energy Research and Development 

Administration became part of the Department of Enerqy on October 1 ,  1977. 

atomic number: the number of protons in the nucleus of a chemical element. 

8 

backqround radiation: the level of radioactivity in an area, which is produced by sources other than 

the one of specific interest :  the natural background radiation is produced by naturally occurring 

radioactive materials in the crust of the earth, cosmic radiations, and the fallout from nuclear 

weapons tests. 

beta radiation: essentially weightless charged particles (electrons and positrons) emitted frOlll the 

nucleus of an atom undergoing nuclear transformation . 

bioloqical oxygen demand (BOD) : a measure of the organic pollution of water determined by the extent 

to which bacteria and other organisms in a water sample will use dissolved oxygen in a given 

period of time: therefore, a measure of the residual oxygen in the water available for use by 

other organisms such as fish. 
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biota: the plant and animal li�e of a r�ion. 

biotic: caused by livinq orqanis1115 . 

c 

chemical oxygen demand (COD) : a measure of the extent to which al l chemicals in a water sample use 

dissolved oxyqen in a qiven period of time. 

coliform (count, number ) :  a measure of the bacterial content of water. (A hiqh o:>liform count may 

indicate contamination of a water supply by human waste.) 

concentration guide: the averaqe concentration of a radionuclide in air or water to which a worker or 

member of the general population may be continuously exposed without exceeding acceptable 

radiation dose standards (see maximum concentration) , 

confined aquifer :  a subsurface water-bearinq r�ion having defined, relatively impermeable , upper and 

lower boundaries and a pressure that is significantly greater than atmospheric throughout. 

contamination (contaminated material) : the deposition, solvation, or infiltration of 

radionuclide& on or into an object, material, or area, which is then considered to be 

"contaminated. "  

counts per minute (cpm) : the number of events per unit time recorded by an instrument designed to 

detect radioactive particles: often used to indicate the relative amount of radioactive 

contamination. 

critical: the condition of a material that is underqoinq nuclear fission at a rate that is 

self-sustaining. The critical mass of a material is the amount that will sustain nuclear 

fission when the material in its present form is placed in a specified arranqement. The �inimum 

critical mass is the amount of a fissile isotope that will just sustain nuclear fission when 

placed under optimum conditions. 

cr itical facilities: Those facilities containinq sufficient quantities of radioactive or toxic 

material such that a failure of containment could result in significant distribution of the 

material to onsite personnel, the public, or the environment. 

CTR: Controlled thermonuclear research. 

curie (Ci) : a unit of radioactivity defined as the amount of a radioactive material that has an 

activity of 3 . 7  x 10
10 

disintegrations per second (dis/s ) .  Millicurie (mCi) • 10
-3 

curie: 

microcurie � Ci )  • lo
-6 

curie1 nanocurie (nCi) • 10
-9 

curie: picocurie (pCi) • lo
-12 

curie1 femtocurie (fCi) • 1015 
curie. 
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daughter products: the nuclides formed in the radioactive disintegration of a first nuclide (parent) . 

decay chain: the sequence of radioactive disintegrations from one nuclide to another until a stable 

daughter is reached. 

decontamination: the removal of radioactive or toxic material from a surface or from within another 

material. 

decommissioning: the execution of a planned and orderly program of complete or partial 

decontamination, dismantling, demol ition, or entombment of excess radioactively contaminated 

facilities. 

disintegrations per minute (dpm ) :  the number of radioactive decay events occurring per minute. 

disposal: the planned release or placement of waste in a manner that precludes recovery. 

dose: a general term indicating the amount of energy absorbed from incident radiation by a specified 

mass. 

dose commitment :  the integrated dose that results from an intake of radioactive mater ial, evaluated • 

from the beginning of intake to a later time (usually 50 years); also used for a longer term 

integrated dose to which people are considered committed because . radioactive material has been 

released to the environment. 

E 

ecology: the branch of biological science that deals with the rel ationships between organisms and 

their environment. 

ecosystem: a habitat and its biota . 

electron-volt: the energy acquired by any charqed particle carrying unit electronic charge when it 

moves through a potential difference of 1 volt. 

environmental surveillance: a program to monitor the impact on the surrounding region of the 

discharges from industrial operations. 

excursion: a sudden , rapid increase of power produced when a reactor or other system of fissile 

material undergoes a sudden increase in reactivity. 

exposure: the condition of being made subject to the action of radiation. 
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fallout: the radioactive materials that descend through the atmosphere and are deposited on the 

earth's surface following the detonation of nuclear weapons . 

FIDLER: a� acronym for Field Instrument for the Detection of Low Energy Radiation. 

fissile material: material capable of undergoing fission by any process. 

fission (nuclear ) :  the division of a nucleus into two or more nuclides of lower mass, usually 

accompanied by the expulsion of gamma rays and neutrons. 

fission products: the nuclides formed by the division of a heavier nucleus, usually in a nuclear 

reactor. 

food-chain: a linear sequence of successive utilizations of nutrient energy by a series of species. 

fo-:>d-web: the concept of nutrient energy transfers (including decomposition) between species in an 

ecosystem. 

fusion: e<:>mbination of two lighter nuclei with the accompanying release of binding energy. 

G 

gamma radiation: electromagnetic energy emitted during a nuclear transition. 

groundwater: water that exists or flows below the surface (within the zone of saturation) .  

R 

habitat: the characteristics of the place· where biota live. 

half-life: the time required for the activity of a radionuclide to decay to half its value. It is 

used as a measure of the persistence of radioactive materials. Each radionuclide has a 

characteristic e<:>nstant half-life. 

HEPA: high-efficiency particulate air filter. 

Retch Betchy: The San Francisco Water Department's system of aqueducts extending from reservoirs in 

the Sierra Nevada mountains to the San Francisco peninsula. The system provides water to San 

Francisco,the Peninsula , and certain East Say communities. 

high-efficiency particulate air filter (HEPA) : an air filter capable of removing at least 99.97% of a 

test aerosol composed of 0 . 3-iJm-diam di-octylphthalate (DOP) . 

hood: a canopy and exhaust duct used to conf ine hazardous materials and thus reduce the exposure of 

industrial workers. 
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inversion: a condition existing when temperature increases with height in the atmosphere. 

ion exchange : process by which ions of a given species are displaced from an insoluble exchange 

material by ions of a different species in solution. In water softening, sodium ions from a resin 

are exchanged for calcium ions from the water. 

irradiation: exposure to radiation by material placed near a radioactive source usually in an 

operating nuclear reactor. 

isotope : nuclides with the same atomic number ( i . e . ,  the same chemical element) but with different 

atomic masses. Although chemical properties are the same, radioactive and nuclear properties may 

be quite different for each isotope of an element. 

L 

long-lived isotope: a radioactive nuclide that decays at such a slow rate that a quantity of it will 

exist for an extended period. 

M 

man-rem: a unit of population dose, calculated by adding together the individual doses (expressed in 

rems) of a given population. 

maximum permissible concentration (MPC) : the average concentration of a radionuclide in air or water 

to which a worker or member of the general population may be continuously exposed without 

exceeding an established standard of radiation dose limitation. 

N 

neutron: a particle existing in or emitted from the atomic nucleus ; it is electrically neutral and 

has a mass approximately equal to that of a stable hydrogen atom. 

neutron activation: the process of irradiating a material with neutrons so that the material itself 

is transformed into a radioactive nuclide. 

nuclear fission: see fission. 

nuclear radiation: particles and electrl)(llaqnetic energy given off during transfor111ations occurring in 

the nucleus of an atom. 
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nuclear reactor: an apparatus in which a chain reaction of fissionable material is initiated and 

controlled. 

nucleon : particles within the atomic nucleus. 

nuclide: a species of atom havinq a specific mass, atomic number , and nuclear enerqy state. 

nucleus: the pos itively charqed center of an atom. 

p 

penetrating radiation: forms of radiant enerqy capable of passinq through siqnificant thicknesses of 

solid material; these usually include gamma rays, x rays, and neutrons. 

permissible dose1 the dose of ionizing radiation that, in the light of present knowledge , carries 

negligible probability of causing somatic injury or genetic effect. 

pH: a measure of the relative acidity or alkalinity of a solution. A neutral solution has a pB of 7 ,  

acids have p H ' s  less than 7, and bases have p H ' s  qceater than 7 .  

population dose (population exposure) : the SUIDlllation of individual radiation doses received by 

all those exposed to the source or event being considered (see man-rem) . 

power reactor: a nuclear reactor designed to produce heat for conversion to electrical enerqy or 

mechanical propulsion. 

proton: a particle existinq in or emitted from the atomic nucleus1 it is electr ically positive and 

has a mass approximately equal to that of a hydrogen atom. 

R 

rad: a unit of measure for the absorbed dose of radiation1 one rad equals 100 ergs absorbed per qram 

of material. 

radiation (ionizing ) :  particles and electromaqnetic energy emitted by atomic and nuclear transitions 

which ace capable of producing ions on interacting with matter. Gamma rays and alpha and beta 

particles are primary examples. 

radiation survey1 evaluation of an area or object with instruments in order to detect, identify, and 

quantify radioactive materials and radiation fields. 

radioactive (decay) : property of underqoing spontaneous nuclear transformation in which nuclear 

particles or electromagnetic energy ace emitted. 

radioiodines: radioactive isotopes of iodine. 

radionuclide: a radioactive nuclide, 
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radiotoxicity: the property that allows a material to adversely affect biological organisms through 

nuclear radiation. 

radwaate: radioactive waste •aterials . 

reactor: a nuclear reactor. 

release limit (release guide ) :  a control number that regulates the concentration or aln')unt of 

radioactive material released to the environment in an industrial situation. 

rem: a unit of measure for the dose of ionizing radiation that has the same biological effect as one 

rad of x rays. One re• is approximately equal to one rad for ga111111a or beta radiation. 

roentgen: a unit of measure of ionizing electromagnetic radiation (x and gamma ) .  One roentgen 

corresponds to the release by ionization of 86.9 ergs of energy per gram of air. 

s 

sanitary sewage: human wastes and other nonradioactive material that must be disposed of to preserve 

public health. 

scintillation (count) : light flashes produced in crystalline material by ionizing radiation; 

measurement of the level of activity of the source. 

seismicity: the relative frequency and distr ibution of earthquakes. 

shielding: material used to absorb radiation and thus protect personnel or equipment. 

short-lived isotope: a radioactive nucl ide that decays so rapidly that a given quantity is 

transformed into its daughter products within a short period (usually one with a half-life of 

days or less ) .  

skyshine: radiation scattered back to the earth by the atmosphere. 

solid wastes (radioactive ) :  ei ther solid radioactive material or solid objects that contain 

radioactive material or bear radioactive surface contamination . 

source term: the quantity of radioactive material, released in an accident or during operation, that 

subsequently causes exposure after being subjected to some mechanisms of transmission or 

deposition. 

stability (atmospher ic ) :  a description of the effect of atmospheric forces on a parcel of air 

followinq vertical displacement in an atmosphere otherwise in hydrostatic equilibrium. If the 

forces tend to return the parcel to its original leve l ,  the atmosphere is stable; if the forces 

tend to move the parcel further in the direction of displacement, the atmosphere is unstable; and 

if the air parcel tends to remain at its new level the atmosphere has neutral stability. 

swipe: a means of measuring loose surface contamination on an object by wiping it with paper, gauze, 

etc . ,  and then measuring the amount of contaminant on the wipe with an instrument. 
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TJ: Terajoule (lo
1 2  

joule) l TJ - 3 . 6  x 10
6 

kWh. 

T 

tracer: a radionuclide ( s )  or chemical introduced in minute quantities into a system or process. 

Radiation or chemical detection techniques are then used to follow the behavior of the process or 

system. 

transuranium: nuclides having an atomic number greater than that of uranium ( i . e . ,  greater than 92) . 

turbidity: a measure of the degree to which sediments and other foreign matter are suspended in 

water (cloudiness ) .  

u 

unconfined aquifer: an aquifer that has a water table or surface at atmospheric pressur e .  

w 

water table: upper boundary of an unconfined aquifer surface below which saturated groundwater occur s .  

wind rose: a diagram showing the distr ibution of prevailing wind directions at a given location; some 

variations include wind speed groupings by direction. 
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APPENDIX lB 

LIST OF PREPARERS 

The principal preparers of the Livermore EIS ar� listed alphabetically together with a brief 

tabulation of their qualifications as follows: 

Marjorie AllyQng, M . S . ,  4 years' experience in enviroruaental engineering 

David w. Carpenter, M.S . ,  Registered Geoloqist, Certified Engineering Geoloqist, 20 years' experience 

in field and geoloqic hazards investigations 

Donald o. Ellerson, Ph.D., Registered Geoloqist, 24 years' teaching and resource geoloqy experience 

Thomas A. Gibson, J r . ,  M . S . ,  Certified Health Physicist, 30 years' experience in safety engineering 

and enviroruaental science 

Carl L. Lindeken, 8.S. , 28 years' experience in enviroruaental science 

Peery K. Lovell, 8 . S . ,  26 years' experience in health, physics 

David R. Mcintyre, M.S . ,  18 years' experience in bioloqical sciences 

David S. Myers, M.S . ,  Certified Health Physicist, 15 years ' experience in health physics 

Byron N. Odell, B . S . ,  6 years '  experience in safety and environmental science 

Kendall R. Peterson, M.S. , 26 years' experience in meteoroloqy 

Harold E. Pfeifer, M.S. , S years' experience in engineering and environmental science 

Russell s. Roberts, M.S., 3 years' experience in health physics and waste management 

.James ?. Scheimer, Ph.D., 7 years' experience in seismology, investigating earthquake sources and wave 

front propagation 
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William J. Silver, M . S . ,  Certified Health Physicist, 24 years' experience in safety, health physics 

and environmental science 

Randolph Stone, Ph. D . ,  Re9istered Geologist, 12 years' experience in petroleum and ground water geology 

Frank J. Tokarz, Ph.D., 20 years' experience in structural engineering 

Arthur J. Toy , Ph.D., 18 years' experience in safety, health physics and environmental science 

Joel H. White, M . S . ,  7 years' experience in environmental science 

Donn A. Wright, M.S . ,  S years' experience in health physics 
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Environmental Monitoring 
at the Lawrence Livermore 

National Laboratory : 

1980 Annual Report 

INTRO DUCTION 

The Lawrence Livermore National Laboratory 
(LLNL) is located about 64 km east of San Fran
cisco. California. in the Livermore Valley of 
southern Alameda County. approximately 5 km 
east of the city of Livermore. The site. which oc
cupies an area of 2.54 km2, is surrounded by open 
agricultural areas on the north, east, west, and part 
of the south side. Sandia Laboratories, Livermore. 
occupies a portion of the adjoining property on the 
south, and the nearest residential area is 0.8 k.m 
from the Laboratory's west perimeter. Of the nearly 
4.8 million people who live within 80 km of the 
Laboratory (Fig. I), 50,000 live in Livermore. 

Established in 1952. the Laboratory is operated 
for the U.S. Department of Energy (DOE) by the 
University of California and currently employs ap
proximately 7400 people. Although nuclear 
weapons research and development has always been 
the primary mission of LLNL. additional programs 
include biomedical, magnetic fusion. nonnuclear 
energy, and laser-fusion research. 

Much of the Laboratory's materials testing and 
high-explosives diagnostic work is conducted at Site 
300, 1 6  km southeast of Livermore. Located in the 
sparsely populated hills of the Diablo Range, Site 
300 covers an area of 27 km2. Figure 2 shows the 
location of LLNL and Site 300 with respect to the 
city of Livermore and surrounding areas. 

The Livermore Valley has a climate charac
terized by mild, rainy winters and warm, dry sum
mers. Annual rainfall averages about 360 mm, ane 
rains occur predominantly between November and 
April, usually in connection with Pacific storms. 
Rainfall for the 1979-80 season (July I ,  1979, 
through June 30, 1980) was 378 mm. By com
parison, during two drought periods, 1975-76 and 
1976-77, rainfall totals were 138 and 196 mm, 
respectively. Surface water drainage from the Valley 
is from east to west through various arroyos, with 
the outfall near Sunol in the southwest corner of the 
Valley. Prevailing winds are from the west and 

southwest during April through September. During 
the remainder of the year, wind directions are 
variable, as shown by the wind rose in  Fig. 3. 

The Livermore site is on a northwest-sloping 
alluvial nood plain bordering the low hills of the 
Livermore Uplands to the south. The lithology of 
the area consists of a series of unconsolidated 
marine and continental sedimentary units such as 
sandstones, gravels, silts, and clays overlying the in
terbedded sandstones of the Franciscan Formation. 
The hilly terrain surrounding the Valley is used for 
cattle and sheep pasture. and the principal 
agricultural products in the vicinity of LLNL are 
grapes and wine. cattle. and poultry. 

Water bodies adjacent to the Laboratory in
clude the South Bay Aqueduct, which runs from 
northeast to southwest. 1 .8 km to the southeast; the 
Patterson Pass water treatment facility, about 2 km 
east of LLNL: and Frick Lake, 4 km oorth of 
LLNL, a sag pond that is dry most of the year. 
Aquatic recreation (boating, fishing, and swim
ming) is available at Lake Del Valle, about 8 km 
south of LLN L. and at the Shadow Cliffs Recrea
tion Area, 1 1  km to the west. 

The Laboratory normally receives all its 
treated water from the Hetch Hetchy Aqueduct 
(which supplies San Francisco) located 1 1  km 
southwest of Livermore. Laboratory storm water is 
channeled through storm sewers designed lo accom
modate a 10-year now. Open ditches are used in  un
developed areas of the site. Arroyo Seco crosses 
LLNL at the southwest corner. Arroyo Las Positas 
originally crossed the northeast section of the site. 
However. in 1965. as part of an erosion control 
program, Arroyo Las Positas was channeled north 
lO the northeast corner of the site, and then west 
along the north perimeter to an outlet at the 
northwest corner. This outlet. which also con
stitutes the main pathway for the Laboratory's sur
face drainage (storm and irrigation). runs north to 
the Western Paci lie tracks. then west where it joins 
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FIG. 1 .  f.stimated population distribution ( X 1000) within 80 km of Livermore, by sectors. 
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Stockton 

Livermore 

L LLNL 

FIG. 2. Locations of LI.NL and Site 300. 

Arroyo Seco. The LLNL Master Site Plan calls for 
a small lake to be established in the center of the 
project. Provisions have been made for rerouting 
on-site water drainage and the Arroyo Las Positas 
to fill this lake during the rainy season. 

Groundwater is found at depths of 1 5  to 30 m 
below the LLNL site with a gradient indicating a_ 
generally westward flow. Because stream runoff 
may be a significant source of groundwater 
recharge, considerable attention is given to 
radiological monitoring of the arroyos draining the 
valley and to the groundwater wells west of the 
Laboratory. Laboratory sewage is discharged into 
the City of Livermore's sanitary sewer system and 
processed at the Livermore Water Reclamation 
Plant (LWRP). 
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As part of the Livermore-Amador Valley 
Wastewater Management program, treated sanitary 
wastewater is now transported out of the valley via 
a pipeline and discharged into the San Francisco 
Bay. The LWRP was connected to this pipeline on 
February 8, 1980. While the LWRP effluent is still 
used for summer irrigation of nearby Livermore 
City property, it is no longer discharged to Arroyo 
Las Positas, as was done during the wet season 
before construction of the pipeline. 

A strict effluent-control program that 
emphasizes controlling effluents at the source has 
been in effect since the Laboratory began operation. 
The environmental monitoring program is main· 
tained to evaluate the effectiveness of these control 
measures, to document whether effluents from the 
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Average annual percent frequency of wind direction vs wind speed 

Speed (m/s) 

Direction 0-2 2·3 3-5 5-7 7.9 9-11 11-16 16-20 >20 Total Av. speed 
N 2.0 0.3 0.3 0.2 0.3 0.1 0.3 0 0 3.6 3.8 

NNE 1.9 0.7 1.2 0.6 0.5 0.3 0.3 0 0 5.5 4.2 

NE 1.5 0.7 2.4 1.0 0.2 0 0 0 0 5.9 3.6 

ENE 1.2 0.7 1.6 1 . 0  0.4 0 0 0 0 4.8 3.8 

E 1.5 0.5 0.5 0.3 0.1 0 0 0 0 2.8 2.5 
ESE 1.2 0.2 0.2 0 0 0 0 0 0 1.7 1.8 

SE 1.0 0.1 0 0 0 0 0 0 0 1.2 1.5 

SSE 1.0 0.2 0.1 0 0 0 0 0 0 1.3 1.5 

s 1.3 0.5 0.2 0.1 0 0 0 0 0 2.1 2.0 

SSW 1.5 0.7 0.8 0.2 0.1 0 0.1 0 0 3.4 2.9 

SW 2.4 2.2 3.8 2.4 1 . 1  0.5 0.2 0 0 12.7 4.4 

WSW 3.2 4.1 6.6 4. 1 1.6 0.7 0.1 0 0 20.4 4.2 

w 2.6 3.6 5.4 2.7 0:9 0.3 0.1 0 0 15.6 4.0 

WNW 1.5 1.0 3. 1 3.1 1 .  1 0.2 0 0 0 10.0 4.6 

NW 1 .2 0.3 0.3 0.2 0. 1 0 0 0 0 2.1 2.5 

NNW 1.3 0.2 0.1 0 0 0 0 0 0 1 . 7  1.9 

Calm 5.1 

Total 26.4 16. 1 26.8 16.0 6.2 2.3 1.2 0 0 100.0 3.7 

FIG. 3. Average annual wind direction and speed pattern at Livermore during 1980. ( Measurements are made 
at 40 m above ground.) 
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Laboralory and Site 300 operations are within ap
plicable standards, and to estimate the impact of 
these operations on the environment. Sensitive 
monitoring equipment is used that can detect 
radioactive and nonradioactive pollutants at well 
below environmental background levels. The 
program includes the collection and analysis of air, 
soil, water, sewer effluent, vegetation, foodstuff, 
and milk samples. Environmental background 
radiation is measured at numerous locations in the 
vicinity of the Laboratory using gamma and 
neutron dosimeters. 

Each spring, the Laboratory reports the results 
of environmental monitol"ing for the previous year. 
This report is prepared in compliance with ERDA 
Manual 0513, Effluent and Environmental Monitor

ing and Reporting. Significant changes in either the 
scope of the program or the levels of effluents are 
noted. 

Appendix A is a tabulation of 1980 environ· 
mental monitoring data. Graphics have been used 
in the body of the report to aid in interpretation. 
When appropriate, the tabulated data contain max· 
imum, minimum, and average values. Radioactivity 
values are tabulated with the associated counting 
uncertainties at the 2u (95% confidence) level. 
Unless otherwise stated. the minimum detection 
limit of these measurements is assumed to have been 
reached when the lu error is ± 100%. In the case of 
radioactivity measurements, an attempt has ·been 
made to assess the potential impact on man of the 
observed environmental levels of artificially 
produced radionuclides. This assessment is made by 
calculating the whole-body or critical-organ doses 
delivered to man and comparing these with the 
much larger radiation dose received locally from 
natural sources. 

SUMMARY 

In  1980, the annual average airborne gross beta 
activity in Livermore Valley air samples was 3.0 X 
10-14 µCi/ml, which was greater than the level ob
served in 1979. This was the result of an increase 
which occurred during the fourth quarter due to 
fallout from u nuclear test by the People's Republic 
of China on October 16, 1980. Airborne 238U con
ct:ntrations at Site 300 were higher than those al 
Livc:rmore because of the "depleted" uranium (a 
byproduct of rnu enrichment) used in high
explosive tests at the Site. However, these concen
trations were well below the standards set by DOE. 
The average annual beryllium concentrations were 
less than I% of the appropriate standard at both the 
Laboratory perimeter and Site 300. The beryllium 
concentralions can be accounted for by natural 
beryllium in typical airborne dust. 

Water samples collected in the Livermore 
Valley and at Site 300 exhibit gross beta and tritium 
activities within the ranges previously observed in 
these areas. One well-water sample from Site 300 
shows an above-average level of gross alpha ac
tivity. This activity has been found to be naturally 
occurring uranium at concentrations well within 
those specified in ERDA Manual 0524. 

Tritium analyses were made on well-water sam
ples collected near the LW RP. These analyses, 

begun in 1977, were made to determine the extent to 
which low levels of tritium in the LWRP effluent 
may be migrating into groundwater. As was found 
during earlier surveys, the highest tritium values 
were detected in Lest wells west of the plant near 
Arroyo Las Positas. Since the L WRP effluent is no 
longer discharged to the arroyo. the primary means 
of tritium movement to nearby groundwater has 
been eliminated. Consequently, tritium concentra
tions observed in local wells in 1980 were lower than 
previous annual measurements. Tritium levels 
found in Livermore Valley and Site 300 vegetation 
were comparable to those observed in 1979. As a 
means of evaluating the possible impact of 
Laboratory effluents on locally grown foodstuff, the 
tritium content of Livermore Valley wines was com
pared with that of other California and European 
wines. The tritium levels in Valley wines are within 
the range found to be present in European wines 
and in surface waters throughout the world. but are 
somewhat higher than those in other California 
wines. Honey produced in the Livermore Valley 
contained tritium levels comparable to those found 
in honey from neighboring areas. 

The decommissioning of a major portion of the 
LLNL Tritium Facility and reduced activity al the 
Bldg. 2 1 2  14-MeV neutron generator lowered the 
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Laboratory's atmospheric tritium release from 
4517 Ci ( 1979) to 2305 Ci ( 1980). During 1 980. 5 Ci 
of tritium (HTO) were released Lo the municipal 
sewer system. This is the third consecutive year that 
the quantity of tritium released has been reduced. 

For 1980, the median annual gamma-radiation 
dose at the Laboratory perimeter was 63 mrem, and 
the median off-site background dose was 59 mrem. 
The 4-mrem difference between off-site and 
perimeter is consistent with past years' differences. 
A 14-MeV neutron generator (Bldg. 2 1 2) near the 
south perimeter continued to be a source of elevated 
radiation. However, the annual radiation dose at 
the Laboratory's south perimeter is well below 
DOE standards. 

Due to reduced programmatic need. the Liver
more Pool-Type Reactor ( LPTR) was permanently 
shut down on March 3 1 .  1980. The closure of this 
facility removes the local source of 41Ar and 
eliminates about I /5 of the site's radiation dose to 
the public. 

In October 1 980, the Laboratory's sewage dis
charge point and sewage monitoring station were 
relocated from a connection on East Avenue LO a 
new larger sewer line at the northwest corner of the 
site. Since the northwest corner is the lowest eleva
tion, the Laboratory sewer system is now com
pletely gravity-flow and the need for lift pumps has 
been eliminated. 

MONITORING DATA-COLLECTION, ANALYSIS, 
A N D  EVALUATION 

RADIOACTIVE MONITORING 
Airborne Radioactivity 

Concentrations of various airborne radio
nuclides are measured at Laboratory perimeters. at 
off-site locations near the Laboratory, and at Site 
300. Sampling locations are shown in Figs. 4 
through 7. The 6 samplers on the Laboratory 
perimeter and the 10 samplers at Site JOO use 
Whatman-41 cellulose filters (5.2 X 1 0-2 m2). These 
samplers are operated at an average flow rate of 700 
liters/min. The filters are cut in  half. and half of 
each is retained for beryllium analysis (see 
"Nonradioactive Monitoring"). An easily dissolved 
filter and a low trace-metal background are require
ments for these analyses; Whutman-41 represents a 
balance between such requirements and particulate 
collection efficiency.1 Off-site samplers throughout 
the Livermore Valley use glass-fiber filters (4.56 X 
I 0-3 m2 Flanders F-700) and are operated al a now 
rate of 80 li�ers/min. All air filters are changed 
weekly. 

After a 4-day delay for decay of the radon
thoron daughters, gross alpha and beta activities on 
the fillers are determined with an automatic gas
flow proportional counter. Monthly composites of 
Laboratory perimeter and Site 300 ftlters are also 
counted for specific gamma-emitting radionuclides 

using low-background Ge(Li) detectors. Following 
gamma counting. the Laboratory perimeter filters 
from individual locations and the Site 300 com· 
posites are analyzed for the presence of 239Pu. 
238Pu, l37cs. 235u, and 238u. 

Tables I and 2 in  Appendix A show airborne 
gross alpha and gross beta activities for the Liver
more Valley samples. and Tables 3 and 4 show 
corresponding activities for Site 300. Average an
nual gross beta activity in both Livermore and Site 
300 air samples was about 15% higher than that ob
served during 1979.2 This increase occurred during 
the fourth quarter and was due to fallout from a 
nuclear test by the People's Republic of China on 
October 16, 1 980. 

Tables 5 and 6 list the activities of the principal 
radionuclides that contribute to the gross beta ac
tivity in Livermore and Site 300 samples. These ac
tivities are determined by gamma-spectra analysis. 
The fission products seen on the November and 
December air filters are a result of successive passes 
of debris from the Chinese test. Table 7 shows the 
concentration of plutonium on air filter samples 
collected in the Livermore Valley. Tables 8 and 9 
show the concentrations of airborne 239I>u, 137Cs, 
235u. and 238U i n  Livermore perimeter and Site 300 
air samples. The higher concentration of 238u at 
Site 300 is a result of the .. depleted" uranium (a 
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byproduct of  235u enrichment) used al the Site. The 
uranium concentrations are well below the concen
tration guides (CG) in ERDA Manual 0524 {see 
Appendix 8). 

Concentrations of airborne Lritiated water 
(HTO) were determined for each of the LLNL 
perimeter air-sampling locations (Fig. 4) and al off
site locations S I  and S2 (Fig. 5). Water vapor was 
collected on silica-gel samplers thal operated al a 
now rate of about 0.5 liters/min for a 2-week 
period. The collected waler was recovered by 

vacuum-drying the silica gel al 1 50°C, and the HTO 
was measured by liquid-scintillation counting. 
Table 10 -;hows average monthly HTO concentra
tions observed at each sampling location: the 
overall annual average concentration is 4.0 X I 0-1 I 
µCi/ml. The highest HTO concentration was ob
served at the west site boundary, Location 2. during 
October. That concentration ( 1 .3  X 10-10 µCi/ml) is 
kss than 0.1 % of the appropriate standard. Loca
tion 1 2  shows the highest annual average concentra
tion, probably because this location is so close to 
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FIG. 5. LI.NI. off-site environmental sampling locations. 

one of the tritium efnuent sources (the 14-MeV 

neutron generator). The average annual HTO con

centration at this location is lower than that ob

served in previous years. This reduction is a result of 

the transfer of many of the high-nux experiments to 

Bldg. 292, located in the northwest quadrant of the 
Laboratory. 

Radioactivity in Soil 
An intensive soil-sampling program conducted 

in 1971 and 1972 provided a data base on the con

centration ranges of various radionuclides in soil 

near the Laboratory and at Site 300. Since 1972, soil 
sampling in the vicinity of LLNL and at Site 300 has 
been part of a continuing LLNL surveillance 
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The data in Table 1 1  arc in the range of those 
reported in previous years. 2 Samples collected near 
the east perimeter of the Laboratory renect the in
nuence of the solar evaporators, which arc no 
longer in use. 4•5 There was close agreement between 
plutonium measurements made by LLNL and the 
State laboratories.6 Figure 10 is a distribution plot 
of these activities. The three lowest data points in 
Fig. 10 do not fit the plot as drawn; we have com
pared these results with analyses of previous sam
ples from the same location. The previous samples 
showed plutonium levels in the usual range and we 
can find no reason to expect such a decrease. 
Therefore, the samples arc treated as statistical 
outliers. 

Table 1 2  shows the plutonium and 137Cs ac
tivities in the Sile 300 samples. There were negligible 
changes from activities observed in previous sam
ples collected in the same locations. 2 

High-explosive tests at Site 300 often involve 
the use of depleted uranium. Accordingly, soil sam
ples are taken annually to determine how these tests 
perturb the 235u ;238u ratio of the soil. Isotopic 

uranium measurements were made with isotopic
dilution mass spectrometry. As in the past, the 
analyses indicated that isotopic perturbation is es
sentially limited lo areas adjacent to the firing 
bunkers. 5•7 The isotopic uranium data shown in 
Table 12  are comparable to those observed during 
1979. 

Radioactivity in Sewage 

Liquid radioactive wastes are treated to reduce 
activity levels to the lowest levels practicable and lo 
well below the standards in ERDA Manual 0524. 
After treatment and analysis, the liquid wastes are 
released into the City of Livermore's sanitary sewer 
system at the LLNL outfall shown in Fig. 4. The ef
nuent is continuously monitored at the outfall for 
pH, radioactivity, and transition metals, such as 
copper and chromium.8 

Liquid wastes from Livermore's sanitary sewer 
system are treated at the L WRP, a 200-liter /s ter
tiary sewage-treatment plant that serves residential, 
commercial, and industrial water users in Liver
more. The salt content of the LWRP efnuent 

2A-15 

P•tt•tsoo
Pa••

;••

.4

•

I

Water sampling points

Vegetation sampling areas

r. 4..04.----,„.,
I
1 i 1
I i l

/ Site 3 0: 
-,.. i
I

Cor..1,4

1

.or



� 
I ...... 

0\ 

'( 
�"' 

, .. , 

f1'11._U".tts 

� 

.., �  

� 
Basic map reproduced by Perml11lon 
of the California State Automobile 
A11oclatlon, copyright owner 

,,.t1 

.,ct. ,� ... ,, 

FIG. 8. Locations of soil samples collected in the Livermore Valley during 1980. (Samples 817 through 834 
were collected in three sets along the directions of the arrows shown.) 

4 3 .
,,_

1
c -,

\ ,

\ -  P

.

. a

•
14 4\

5 0 ♦

9.9

a. itidok ft

i
791 &792

i Atwood

.0"7 '"..s..---

.
'AKAR

,.. .4, San r )-; •
,.., 

I•j_ltaMW.. .'♦ ii\ '
1

, " SUMO 10

/
6 6\ t/ so, 4,,,. ,

•... MIMI 0

I

moor

OW

U toa
NI

• a.

< \ 0 gill4

 4. 
'.•;44.

eeK
• / 0

, 

tr..: '...'  !it AL ,gt ...V ••
40

,,,,,,,iii

ll

1 
40 

11.1".0°'---''....-4N.•

•

cool..

.

•••• 0

. ,...
rower

.

. ii*

• - 4.5
At

,__.1

r - 1 r • 61-0)CD ,„.58, • •IL 311 . .

_____ cern,. 0- e
it :

..; i
N.,..,„

•, —•11./a
• ..•••••,0•1.0., p.
WIWI uots • Elip

7
9 LAM.- di

0

INirl6
its •

• 1
•

t, • • - e
CYS'C'M \ 1.0 . 0,4mOYA I A.M.1 LAS MOM

A LIVERMORE k VALLEY
Ailjr--."."-'

er../.....,i' ii.. 414
Wen nor e

' 'mom 823 vir

, 2.7 R„, ,,,, 1
,01,210,11.2. *s, _ _ ---.L..-.„ • %it („, s

3
'11

,
ab a „,_._,•=6-.-- 

.---•

•••----

,.....- - 1 4
u ,, SI. $

' 

1

• 3 6

er • 
,S

.4 IPS .. .....• L.WPS
3 MO IttC ••••

WW1*

V
el • •fe.

101A :
2

10. lir 2 I
a • • i 6 ,.

i Nt'rs

"qt.

• •
EL WY

Pleasanton
2 5

.KUALA 0
',.,

14,-,

1-
P
g

01010 0

r 04 . masa ID
4.... t

-

'
—4 

4

rd..

7..

/30 
1/

c

..e.0., ,,,Nik b
‘..R. 

1

1...,,,,

-0.e

•

ss" qs es

/*N....8,t b

Srrm_

41, --•"`
1 

ow

3.5

1,46.1Or en
.0.41. CIVI v. co

•

C

m -
Its • '''
MU

tLY a.
r.1.=/A ,I1I1 16/..46.

ii• - n '"'

...„, •

.1r Stc.W•41 .010 • •,. 1,
owe.. P.m

2 4

u s v., .14.1 ....
84 YARAWYPsCor. .• t

•011•4 t, .44

.

• „,

%

•

N.0

‘.,

4C.. ......

q.... , 

.„,"--7.-,,.....

,

0 

••

aci-14-
Yf

794

',-.),

,.,,___,..----......,

4,..
-a

. • r .
. - ...

-.11\41,000, cmie0.1
_ ...

688

saN

/ &L AI ._
4.0 4 a
a•ntra Om

,

0
C,,,_

I
EL 

.6N s ,
— _ Jai

...  ,,..6 I
4_10 AO. II,



I 

I Q  

1 8  

I 7 

1 8  

1 5  
-�-

I )  

I I  

I j l ; •9 

--- - -- - ...... �· : •8 � : 1 7  
�- .... 16 

t ·� r- · -·-
-. . 

i 1 J  ;. .,.  ;.904 

• ! i • : ' :· • 

FIG. 9. Locations of soil samples collected inside the Site 300 boundary. 

presented a problem for groundwater quality locally 
and in the Niles Cone aquifers. Accordingly, as part 
of the Livermore-Amador Valley Wastewater 

Management program, a pipeline was constructed 
to transport wastewater out of the valley for dis
charge into the San Francisco Bay. The LWRP was 
connected to this pipeline on February, 8, 1980. 
Although the effiuent will still be used for irrigation 
of municipal property, it will no longer be dis
charged into the arroyo, thus eliminating the 
primary means of tritium migration to local and 

downstream groundwater. 

the pipeline. Preliminary results of tritium analysis 
of these samples indicate no significant difference 
between the two sample sets. The final results of this 

study will appear in a separate report. 

Representative San Francisco Bay water sam
ples were collected before and after connection to 

Samples of the LLNL and L WRP liquid ef
fluents are collected daily. Table 13  compares the 
monthly composite activity levels of certain 
radionuclides in the LLNL effluent with those in the 
effluent from the LWRP. All concentrations are 
well below DOE standards for discharge into the 

sanitary sewer system. 

Radioactivity in Water 
Water samples arc collected from the variou:. 

Livermore Valley and Site 300 locations shown in 
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Figs. 4 through 7. These samples are analyzed for 
gross alpha and gross beta activity. Tables 14 and 1 5  
show the gross alpha activities in Livermore Valley 
and Site 300 samples, respectively. Gross beta ac
tivities for Livermore and Sile 300 samples are 
shown in Tables 1 6  and 17. 

Livermore sampling locations I l ,  16. and 24 
( Fig. 5) are surface water sources (ponds, creeks, 
and reservoirs), and Location 20 (Fig. 4) is the 
collection site of Livermore rainfall. The other loca
tions are domestic water sources. Gross alpha and 
beta activities in Livermore water samples collected 
in 1980 were below EPA standards for drinking 
water.9 

Site 300 water samples are collected from on
site wells (Fig. 6, Locations 1-6), an off-site creek 
(Fig. 7, Location 14), and off-site wells (Fig. 7, 
Locations 7 and 1 1  ). Location 20 is Site 300 
rainwater, and Location 2 1  is a spring-fed pond 
near Bunker 812.  

Location 4, a well near the Site 300 entrance, 
had a high gross alpha level (see Table 15). Specific 
analyses were performed which identified the source 

of the radioactivtty as naturally occurring urani
um.2 Neither the EPA9 nor the State of California J O  
specifies a limit for natural uranium in  diinking 
water. In their limits for gross alpha activity, 
uranium is specifically excluded from the total. The 
uranium concentration was well within that 
specified in ERDA Manual 0524 (2 X 10-s µCi/ml). 
A 226Ra measurement based on radon emanation 
showed the 226Ra concentration to be less than 3 X 
w-10 µCi/ml. The low 226Ra activity probably 
results from the relatively high p H  of this well 
water. Under this condition radium would be ex
pected to coprecipitate with calcium in caliche, 
coating the grain surfaces within the aquifer. 

The water samples from the Livermore Valley 
and Site 300 are also analyzed for tritium activity. 
Because of the low tritium activities, it is necessary 
to distill and electrolytically enrich the samples 
before liquid-scintillation counting. Tables 1 8  and 
1 9  show the data for the Livermore and Site 300 
samples, respectively. The samples have concentra
tions that are well below recommended CG values. 
Tables 18 and 19 also include an estimate of the an
nual dose that may be delivered lo an adult who 
consumes water containing the listed tritium con
centrations. These doses, which are all less than 0.1 
mrem, are based on a water consumption of 2 
liters/d and the dose conversion factors contained 
in NRC Reg. Guide 1 . 10911 (see Appendix C). 

As noted previously, treated effluent from the 
L WRP is used to irrigate nearby municipal 
property. This effluent contains low levels of tritium 
which come from normal LLNL operational 
releases to the sanitary sewer system. As part of a 
study begun in 1977,12 tritium measurements are 
now made annually on water samples collected 
from neighboring wells to determine the extent of 
tritium migration into groundwater. Many of the 
wells were in the immediate vicinity of the L WRP; 
however, additional samples were also collected 
from areas al some distance. Locations sampled 
during 1980 are indicated in Fig. 1 1 , and the tritium 
data are shown in Table 20. The highest tritium 
values appear in wells west of the LWRP. Tritium 
activities in all samples were well below the 
guidelines for water in uncontrolled areas as stated 
in ERDA Manual 0524. The tritium levels in these 
wells are also lower than those observed in the 1979 
samples, which is to be expected with diversion of 
effluent to the pipeline. 
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FIG. 1 1 .  Locations of groundwater samples collected in the Livermore Valley during 1980. 

Radioactivity in Vegetation and Foodstuffs 
Each month, vegetation samples (usually 

native grasses) are collected at locations in the 
Livermore Valley, at Site 300, and at off-site loca
tions near Site 300, as shown in Figs. 5 through 7. 
These samples are freeze-dried, and the tritium ac
tivity in the recovered water is determined by liquid
scintillation counting. Table 21 shows the tritium 
data for vegetation collected in the Livermore 
Valley. The whole-body radiation doses shown in 
Table 21 were derived using the dose conversion 
factors in N RC Reg. Guide I .  I 09, 1 1 conservatively 
assuming that all vegetables consumed_ by an adult 

have the tritium concentrations found in these un
irrigated grasses. These potential doses are all less 
than 1 mrem/y. 

Table 22 shows the 1980 tritium data for Site 
300 vegetation. Location 6 is adjacent to an area 
that contains tritium-contaminated debris from a 
firing table. As a result of the seasonal rains, the 
tritium apparently entered an aquifer whose out
flow is in the area where Location 1 3  samples are 
routinely collected. 

Beginning in 1977. as a means of evaluating the 
possible impact of Laboratory effluents on locally 
grown foodstuff, the tritium content of Livermore 
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Valley wines was measured and compared with that 
found in other California wines and European 
wines. 12 Wine samples collected in 1980 were 
catalytically oxidized Lo carbon dioxide and water. 
and the tritium content of the recovered water was 
measured by gas-proportional counting. The data in 
Table 23 represent the analysis of l 1 samples 
purchased from retail outlets in 1980. As found in 
1977. the tritium levels of the Valley wines were 
somewhat higher than those California wines 
produced from grapes grown outside the Valley, but 
lower than that of the European wine sampled. The 
same European wine source has been sampled in 
previous years. 

Samples of honey produced from a variety of 
nower sources both in and outside the Livermore 
Valley were analyzed for tritium content. Following 
the oxidation of the samples in a Parr oxygen bomb, 
the tritium content of the water produced was deter
mined by gas-proportional counting. The data in 
Table 24 show that the tritium content of Livermore 
Valley honey samples is comparable to that of 
honey from neighboring areas. 

Radioactivity in Milk 

During 1980, goat milk samples were obtained 
from several farms within about 5 km of the 
Laboratory. A portion of each sample was vacuum
distilled and then analyzed for tritium activity by 
liquid-scintillation counting. The samples were then 
oven-dried. and the resultant solid matter was 
ground and gamma-counted in a Ge(Li) system. 
The activities of the mes, 40K. and HTO in the 
samples are shown in Table 25. Also shown are the 
calculated annual whole-body or critical-organ 
radiation doses that could be received from con
suming this milk. These calculations are based on a 
milk intake of 3 1 0  liters/y and on the models 
previously referenced. The only dose above I mrem 
to an individual is from naturally occurring 40K. 

Environmental Radiation Measurements 

Quarterly, environmental gamma radiation is 
measured at 12 LLNL perimeter locations (Fig. 4) 
and at 4 1  off-site locations (Fig. 12). These 
measurements are obtained with thermolumi
nescence dosimeters (TLD's) using a previously 
published procedure. 13  Based on past measure
ments. 14 environmental terrestrial exposure rates in 
the Livermore Valley vary from 30 to 60 mR/y. 

Cosmic radiation, calculated from the local eleva
tion and geomagnetic latitude according to the data 
of Lowder and Beck. 15  is approximately 35 m R/y. 

Table 26 shows quarterly and annual radiation 
doses (in millirem) derived from measurements ac 
perimeter locations. The operation of a 14-MeV 
neutron generator adjacent to the south boundary 
fence was responsible for the elevated doses at 
Location 5 on the south site boundary directly op
posite this facility. However, these doses are lower 
than those observed during l 979 because many 
high-nux experiments normally performed at this 
location are now being performed in Bldg. 292 in 
the northwest quadrant of the Laboratory. 

The median annual off-site dose of 59 mrem is 
identical to that observed in 1979. Although the me
dian annual perimeter dose of 63 mrem is slightly 
higher than the 61 mrem of 1979, this difference is 
not statistically significant. The 4-mrem difference 
between perimeter and off-site median doses is con
sistent with the difference seen in previous years. 
Perimeter locations 10, 1 1 .  and 12 are near a linear 
accelerator facility. Figure 13 shows the 1980 an
nual frequency distribution of environmental dose 
rates observed at the 41 off-site locations. The 
dosimeter that recorded the highest dose ( 140 
mrem) was near an off-site industrial plant where 
radiography is frequently performed. The second 
highest off-site exposure (92 mrem) was due to a 52-
mrem third-quarter response from a dosimeter 
located about 2 km southeast of LLNL. Prior 
measurements and the fourth-quarter measurement 
were somewhat below the average for the Livermore 
Valley. No explanation is presently available for 
this anomaly. Figure 14 is a dose-distribution plot 
combining Laboratory perimeter and off-site 
measurements. The three doses above those typical 
of environmental background have been identified 
above and in the previous paragraph. 

Environmental neutron dose rate measure
ments are also made at eight locations on the LLNL 
site perimeter using 235U track-etch detectors 
(Fig. 4). A detailed description of the detector and 
the spark-counting procedure has been published. 16 
The 1980 quarterly measurements are shown in 
Table 27. With the exception of Locations 3 and 5, 
which monitor the 14-McV neutron generator in 
Bldg. 212. alJ levels are within the range typical of 
natural background. 
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NONRA DIOACTIVE MONITORING 

\ irbome Beryllium 

Beryllium monitoring of air. both in-plant and 
at or near LLN L property boundaries. has always 
been a part of the Laboratory's safety program. 
Monthly. half of every filter from the LLNL 
perimeter and Site 300 is composited by sampling 
location and wet-digested. Then the beryllium con
tent of the solutions is determined by zitomic ab
sorption analysis. 

Tables 28 and 29 show average monthly con
centrations of airborne beryllium for LLNL 
perimeter and Site 300 sampling locations, respec
tively. There appear to be no differences between 
the levels at Site 300, where beryllium is frequently 
expended in high-explosive experiments, and those 
observed at Livermore. The concentralions, which 
are two to three orders of magnitude below the 
emission standard, can be accounted for by 
resuspension of surface soil containing naturally oc
curring beryllium. Local soils contain approx
imately I ppm of beryllium, and Livermore's air 
typically contains I 0-lOO µg of particulates per 
cubic meter. By using a value of 50 µg/m3 for an 
average dust load and 1 ppm for beryllium content 
of this dust an airborne beryllium concentration of 
S.O x 10-5 µg/m3 can be calculated. This value is in 
good agreement with the data in Tables 28 and 29. 
These concentrations are plotted in Figs. L 5 and 16. 
Average annual concentrations are less than I %  of 
the appropriate standard. 

Q) .... 200 

Q) Ill 0 
" 100 c:: 0 70 ·;; IQ 50 :u IQ 
iii 30 :I c:: c:: 20, � 5 20 50 80 

Cumulative frequency-less than (%) 
FIG. 14. TLO dose-distribution plot for the LLNL 
perimeter and Livermore Valley during 1980. 

Heavy Metals Released to 
Livermore Sanitary Sewer 

As noted previously, sanitary sewage from the 
Laboratory is treated at the L WRP. a 200-liter /s 
tertiary sewage-treatment plant serving residential. 
commercial, and industrial users in Livermore. This 
effluent is continuously monitored for pH. radioac
tivity. and transition metals before it enters the 
Livermore sewer system. 8 Sewage samples represen
tative of daily flow are collected and composited 
monthly, and the composites are analyzed for the 
metals shown in Table 30. 

Physical and Chemical Analysis 
of Ll.N I. Sewage 

Samples of Laboratory sewage effluent are 
collected quarterly. These samples are subjected to a 
variety of analyses. including biochemical oxygen 
demand, ammonia, nitrate, total nitrogen content, 
alkalinity. and total solids. Table 31  shows Lhe data 
for 1980. All data demonstrate compliance with the 
City of Livermore's discharge limits (listed in Ap
pendix D). 

Noise Pollution 

As noted earlier, the Laboratory's high
cxplosive diagnostic work is conducted at Site 300. 
Because Site 300 is so remote, these exp1.:rimcnts can 
be performed with minimal off-site impact from an

noying noises or damaging overpressures. On the 
basis of meteorological measurements made twice 
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FIG. 15. Beryllium concentration in LLNL perim
eter air filters during 1980. 

each day. a limit is  set on the weight of high ex
plosives that can be detonated without impact in 
populated areas. To monitor these limits, four 
microbarograph sensors are maintained in or near 
the city of Tracy. The probability of overpressure is 
greatest in the Tracy area because of the direction of 
the prevailing winds. The Laboratory received no 
complaints regarding possible overpressures 
associated with Site 300 operations during 1980. 

Pesticide Monitoring 

Beginning in  1975, the Laboratory's environ
mental surveillance program was expanded to in
clude pesticide monitoring. Pesticides used at 
LLN L include herbicides, fungicides, and insec
ticides. The most probable way pesticides used at 
LLNL could be transported to the off-site environ
ment is by entrainment in surface runoff water. 
Most of this surface drainage leaves the Laboratory 
via a ditch at the northwest corner of the property. 
A sample was collected from the ditch following the 
first major storm. 

This sample was extracted with organic sol
vents, and the extracts were analyzed by gas-liquid 
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FIG. 16. Beryllium concentration in Site 300 air 
filters during 1980. 

chromatography (GLC} using a variety of detectors. 
Data obtained from these analyses were compared 
with the pesticides listed in Title 22 of the California 
Health and Safety Code.10 No materials were de
tected in the samples at concentrations exceeding 
the State-adopted standards for these organic 
chemicals. 

ENVIRONMENTAL IM PACT O F  

LI.NL OPERATIONS 

Radioactive Airborne Effluents 

In 1980 (see Table 32), radioactive airborne ef
nuents consisted of an estimated 165 Ci of 41Ar 
from Bldg. 281 (reactor), a total of 2305 Ci of 
tritium from Bldg. 2 1 2  ( 14-MeV neutron generator) 
and Bldg. 331 (tritium facility), and 1656 Ci of 
15Q_13N. from Bldg. 194 (electron-positron linear 
accelerator). All radionuclides, with the exception 
of tritium, arc short-lived. Comparative releases of 
radioactive efnuents at Livermore during the 5-year 
period from 1976 through 1980 are shown in  
Table 33. The Livermore reactor was shut down on 
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March 3 1 .  1980, due to a lack of programmatic 
need. Closure of this facility removes the local 
source of � 1  Ar and eliminates a major contributor 
to the site's radiation dose to the public. Decom
missioning of a major portion of the LLNL trilium 
facility and reduced activity of the 14-MeV neutron 
generator in Bldg. 2 I 2 are responsible for a nearly 
50% reduction in the quantity of tritium released to 
the atmosphere in 1980. The quantity of t5o_l3N 
released from Bldg. 194 in 1 980 is higher than that 
released in 1979, since this facility was shut down 
for major maintenance and modification during 
1979; activily released during 1980 was comparable 
to that released in l 978. 

Table 32 also contains estimated radiation 
doses to the public from these radioactive airborne 
effluents. Three dose-reference points were used: ( l )  
the "fence-posl'' dose at  that location on the site 
boundary where maximum exposure rates exist, (2) 
the dose to the nearest resident, and (3) the man
rem dose wilhin a radius of 80 km. 

Dose calculat ions were made using a 
continuous-point-source computer code based on 
the Gaussian plume model.17 This code provides 
ratios of concentration to release rate (x/Q) 
through 16. 22.5° compass sectors. and distances 
from 0. 1 to 100 km from potential release points. 
The average annual x/Q values have been 
calculated using local meteorological data from an 
instrumented tower. This tower, located near the 
Laboratory's north site boundary, is equipped with 
sensors mounted at JO- and 40-m levels that 
measure wind direction, wind speed, and tem
perature. From records of these data, wind speed, 
wind direction. and atmospheric stability estimales 
were tabulated at I /4-h intervals over the calendar 
year. Variance in the horizontal wind direction was 
used to estimate Pasquill-Gifford stability cate
gories based on the method described by Slade. 18  
Lateral and vertical standard deviations, "Y and "£• 

are entered in the computer code as functions of 
these stability categories and the respective dis
tances. From annual effluent data the release rate Q 
(in Curies per second) was calculated for each of the 
principal radionuclides released to th6 atmosphere, 
and the concentrations at the site boundary and for 
the nearest resident were calculated from ap
propriate x/Q values. (The nearest resident means 
that resident receiving the highest dose from each 
radioactivity release point, not necessarily the resi
dent nearest to the site boundary.) Dose estimates 

were based on the dose conversion factor in the 
NRC Regulatory Guide 1 . 109. 1 1  The results in
dicate that the maximum estimated dose to the 
nearest resident was less than I mrem. 

Table 32 shows a combined population dose of 
less than 2 man-rem from 41Ar. 3H. and neutron ac
tivation products in Laboratory airborne effluents. 
This dose is based on a population of 4.8 X 106 
within 80 km of the Laboratory. Using 100 mrem/y 
as a typical average radiation dose from natural 
sources. the comparable natural radiation dose 
received by the same group is 4.8 X 105 man-rem. 
By comparison. the population dose from 
Laboratory oper�tions is negligible. 

Radioactive Liquid Effluents 

Low-level radioactive liquid wastes are treated 
to reduce their radioactivity to levels as low as 
reasonably achievable and are well within ap
plicable health and safety standards. These wastes 
are then discharged into Livermore's sanitary sewer 
system. During 1 980, the principal radionuclides 
released into the sewer system were 2.8 X 10-4 Ci of 
239pu and 5 Ci of HTO. Table 13 shows that the 
average annual concentrations of these radio
nuclides represent 9.3 X lo-4% and 2.4 x 10-2% of 
the relevant standards, respectively. 

Quality Assurance 

During 1980, the Laboratory participated in 
the Environmental Protection Agency's in
terlaboratory Cross Check program and DOE's 
Sample Analysis l ntercomparison program con
ducted for DOE by the Environmental Measure
ments Laboratory (EM L). The Laboratory also 
participated in the 5th International lntercom
parison of Environmental Dosimeters and �on
tinued its quarterly intercomparison of ther
moluminescence dosimetry measurements with 
EML. 

A statistical summary published annually by 
EM L compares the analytical performance of par
ticipating DOE contractors with measurements 
made by EML. 1 9 Table 34 shows the comparison of 
LLNL's and EML's analyses. indicating the ratio of 
LLNL's data to EML's and the ratio of L L N L's 
data to the respective mean of all analyses reported. 

A description of the sampling and anulycical 
procedures used at LLNL is included as Appendix 
E i n  this report. 
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APPENDIX A. TABLES 

The statistical values (2u estimates) that accompany individual measurements or radioactivity in the 
following tables are the result of counting statistics. The minimum detection limit is assumed reached when 
the 2u estimate is ± 100%. Statistical values for groups of data like annual averages are calculated standard 
deviations of the mean (average). Standard deviations of the mean are reported at the 95% confidence level. 

TABLE I .  Gross alpha activity on air filters-LLNL perimeter and Livermore Valley. 

10-IS µCl/ml 

Location• Jan.. Fefl. Mar. Apr. May June July Aua. Sept. Oct. No•. Dec. Average % SDM
b 

% CG
C 

Perimeter 

01 0.4 0.4 0.6 0.6 0.4 o.s 0.4 1.2 0.7 0.8 0.6 1.7 0.7 57 3.S 

02 0.6 0.6 0.8 0.8 o.s o.s o.s 0.6 0.7 l.S 1.0 2.0 0.8 63 4.0 

12 0.6 o.s 0.7 0.6 0.6 0.6 0.3 0.4 I.I 0.7 0.7 3.3 0.8 100 4.0 

13 0.4 0.4 0.S 0.4 0.4 0.3 0.3 0.4 0.6 0.8 0.8 1.6 0.6 67 3.0 

14 o.s o.s 0.6 0.7 0.S o.s o.s 0.7 0.7 0.8 1.0 2.9 0.8 88 4.0 

IS 0.4 0.4 0.6 o.s 0.6 o.s 0.4 0.4 0.7 0.8 I. I 1.9 0.7 57 3.S 

Valley 

03 0.8 I.I  I.  I 0.9 0.8 0.8 0.7 o.s 0.9 0.9 0.8 1.9 0.9 37 4.0 

04 1.4 1.3 3.1 1.7 0.9 0.6 o.s o.s I.I 1.6 1.8 1.7 1.4 so 7.0 

OS 1.6 0.8 1.6 1.3 0.9 I. I 0.7 0.6 0.7 0.8 0.7 1.0 1.0 36 s.o 

06 2.0 I.I 1.0 0.9 0.8 0.8 0.6 0.8 I.I 1.0 1.9 I .I  41 s.s 

07 I.I 0.6 1.1  1.1 0.8 0.8 0.6 0.7 0.8 0.9 1.0 1.8 0.9 35 4.S 

08 I.I 0.9 0.8 0.9 0.8 1.0 0.7 0.7 0.8 1.0 1.1 1.6 1.0 26 S.0 

09 0.8 0.8 1.3 1.2 0.8 I.I 0.9 0.8 0.7 0.8 1.3 1.8 1.0 32 s.o 
10 0.S 0.9 o.s o.s 0.4 0.4 0.4 o.s 0.6 0.6 0.9 0.6 33 3.0 

I I  1.2 0.7 1.2 1.3 1.0 I.I 0.8 0.8 1.0 1.2 I. I 1.7 1.1 25 s.s 
16 0.8 1.0 0.8 0.6 0.8 0.7 0.6 0.6 0.6 0.6 0.7 1.6 0.8 78 4.0 

17 1.9 1.1  1.8 1.6 28 8.0 

AnM1al average 0.9 29 4.S 

8See Figs. 4 and S for sunplin& locations. 
b% SOM s % 5tudard deviation of mean at lu. 

tloa gvide (CG) = 2.0 X 10-14 µCi/ml. 
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TABLE 2. Gross beta activity on air filters-LLNL perimeter and Livermore Valley. 

10-14 µCi/ml 

Location• Jan. Feb. Mar. Apr. May Jwie July Aug. Sept. Oct. NOT. Dec. Average % SOM % CG
b 

Ptrimeter 

01 1.8 1.8 0.8 1.1 1.0 0.6 0.9 1.3 1.7 1.6 5.8 10.2 2.4 1 1 7  2.4 

02 2.3 2.6 1.0 1.4 1.2 0.8 1.3 1.4 1.6 3.0 7.4 11.9 3.0 110 3.0 

12 2.0 2.2 0.8 I.I 0.7 0.7 0.7 0.8 1.2 2.9 7.1 II.I 2.6 123 2.6 

13 1.8 1.7 0.8 1.1 1.0 0.7 1.0 1.0 1.2 2.4 5.2 10.2 2.3 122 2.3 

14 2.3 2.6 0.9 1.2 I. I 0.8 1.2 1.3 1.4 2.7 7.0 20.S 3.6 156 3.6 

15 1.7 1.8 0.8 1.2 1.0 0.6 I. I 1.1 1.2 2.2 7.0 9.9 2.5 116 . 2.5 

Valley 

03 3.1 2.6 1.9 2.1 2.2 1.9 2.1 1.9 2.1 3.0 6.0 8.2 2.9 73 2.9 

04 6.0 4.9 2.2 3.0 1.9 0.8 1.2 I.I 2.0 5.4 6.1 11.5 3.8 81 J.8 

05 4.0 3.0 2.3 2.6 2.5 2.2 1.9 l.S 1.6 2.2 3.9 4.9 2.7 38 2.7 

06 4.6 2.1 2.1 2.3 2.2 1.8 2.2 1.9 3.0 S.7 9.5 3.4 70 3.4 

07 3.4 2.2 2.1 2.3 2.5 1.8 2.2 2.3 2.4 3.0 S.4 12.6 3.S 86 3.S 

08 3.2 3.8 2.2 2.1 2.0 1.9 2.1 2.1 2.2 3.0 S.6 9.2 3.3 65 3.3 

09 2.0 3.4 2.2 2.6 2 .. s 2.0 2.6 2.6 2.S 3.7 7.7 10.7 3.7 73 3.7 

10 1.0 0.4 0.6 o.s 0.3 o.s 0.5 0.8 1.0 3.9 6.4 1.4 133 1.4 

I I  J.5 2.7 2.4 2.S 2.S 2.1 2.3 2.4 2.6 4.1 8.1 11.2 3.9 73 3.9 

16 2.9 2.3 0.8 1.2 0.9 0.6 I.I 1.6 1.4 1.9 4.0 8.2 2.2 94 2.2 

Annual average 3.0 24 3.0 

8See Figs. 4 and S for sampling locations. 
b

ee = 1.0 x 10-12 µCi/ml. 
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TABLE 3. Gross alpha activity on air filters-Site 300. 

io-15 µCi/ml 

Loution1 Jan. Fd>. Mar. Apr. May JuM July Aug. Stpt. Oct. Nov. Dec.. Average % SOM % CG
b 

01 

02 

03 

04 
05 

06 

07 
08 
09 
10 

I I  

o.s 0.4 

o.s o.s 
o.s 0.6 

o.s o.s 
0.4 0.9 

o.s 0.4 

o.s o.s 
o.s 0.6 

0..1 0.4 

0.6 0.6 

Annual average 

0.6 0.7 

0.7 0.6 

0.7 0.6 

0.6 0.8 

0.7 o.s 
0.6 

0.6 0.6 

0.6 0.6 

2.4 0.7 

0.6 0.7 

0.7 0.6 

1Stt Fig. 6 for sampling locations. 
bcG = 2.0 x io- 14 µCi/ml. 

1.0 0.8 

0.6 o.s 
0.6 0.6 

0.7 o.s 
0.7 0.6 

1.0 1.0 

0.7 0.6 

o.s 0.6 

o.s o.s 
0.8 o.s 
0.7 o.s 

0.4 1.0 

o.s 0.6 

o.s 0.9 

o.s 0.6 

0.6 0.7 

0.7 2.2 

0.6 0.8 

0.7 0.6 

0.4 0.9 

0.9 1.0 

0.4 1 . 1  

0.6 

0.6 

0.8 

0.6 

0.7 

0.7 

0.9 

o.s 
0.7 

0.7 

t.J 

0.7 0.8 

0.9 I . I  

I.I 0.7 

0.8 l.S 

1.7 2.6 

0.7 0.9 

0.8 0.7 

1.3 1.0 

0.9 1.2 

1.0 0.7 

1.3 
0.8 

0.8 

1 . 1  

4.S 

3.0 

1.0 

0.9 

1.3 

1.2 

1.6 

TABLE 4. Gross beta activity on air filters-Site 300. 

io-
14 µCi/ml 

0.8 

0.6 

0.7 

0.7 

I.I 

1.6 

0.7 

0.7 

0.9 

0.8 

0.8 

0.9 

38 

17 

29 
29 

100 

S6 
29 

14 

67 

38 

38 

33 

4.0 

3.0 

3.5 

3.5 

5.5 

8.0 

3.5 

3.7 

4.5 

4.0 

4.0 

4.5 

Loc11iona Jan. Feb. Mar. Apr. May June .July Aug. Sept. Oct. Nov. Dec. Average % SOM % CG
b 

01 

02 

03 

04 
OS 

06 
07 

08 

09 

10 

I I  

1.8 1.8 

1.8 2.3 

I. 9 2.2 

1.9 2.7 

l.S 2.S 

1.S 1.8 

1.7 1.9 

1.4 2.0 

l.S 2.0 

1.9 2.3 

Annual average 

1.3 1.4 

1.3 1.4 

I.I 1.2 

l.J l.J 

1.0 0. 9 

1.3 

0.9 l.J 

1.0 l.J 

1.4 1.4 

1.7 1.4 

1.2 1.2 

1Ste Fig. 6 for sampling locations. 
b

cG = 1.0 x 10-
12 µCi/ml. 

1.4 

2.0 

1.4 

1.6 

l.S 

1.4 

1.5 

1.6 

1.6 

1.4 

1.4 

1.3 

1.4 

1.2 

0.9 

1.0 

0.8 

1.0 

I . I  

1.2 

I . I  

1.0 

l.J 2.4 

1.4 2.1 

1.3 2.7 

0.9 l.J 

l.J 1.9 

1.0 I. 7 

1.6 2.2 

0.7 2.0 

1.S 2.9 

2.0 2.8 

l.J 2. 7 
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1.8 4.S 12.1 

1.7 J. I s.s 12.1 

LO L7 �s 1a6 

1.4 2.7 6.3 10.S 

I. 7 3.2 8.6 28.3 

S.4 7.7 20.1 

1.7 2.1 6.9 9.3 

I �  L3 �8 95 

I. 9 J.8 9. 7 15.S 

2.1 2.6 10.1 12.0 

1.9 2.2 6.1 12.8 

2.8 

3.0 

J.O 

2.7 

4.S 

4.9 

2.7 

2.6 

J.7 

J.4 

3.0 

J.3 

114 

103 

100 

107 

173 

135 

96 
100 

1 1 9  

106 

I IJ 

23 

2.8 

3.0 

3.0 

2.7 

4.S 

4.9 

2.7 

2.6 

J.7 

J.4 

3.0 

3.3 

- 6.0

3.0

4.5

- - 3.0

0.5 0.4 0.7 29

0.7 0.9

0.4 0.9 1.3

0.7 31 4.0

0.6 0.7 311 4.0

1.4 1.3

1.4 3.0 3.0

03 3.0 3.0

1.3 0.9 1.3 IA 2.7 4.3 3.7

0.9 4.5

- - - - 4.9 135

07 0.9 1.7 6.9 2.7 2.7

1.9 SA

09 3.7 3.7

IA 3.4

1.9 3.0 3.0

3.3



TABLE S. Gamma activity on air rdters-LLNL perimeter. 

10-13 µCi/ml ± 2a(%) 10-16 µCifml :I: 2a(%) 

Month 19, 40K 106Ru 125sb 137c5 144ce 

Ju. 0.8 :I: 2 7.8 :I: 33 5.1 :I: 42 0.9 :I: 41 2.3 :I: 9 3.8 ± 20 

Feb. 0.9 ± 2 10. :I: 25 7.6 :I: JS l.S :I: 37 3.3 :I: I I  6.0 :I: 23 

Mar. 0.8 ± 2 7. :I: 23 5.9 :I: 29 1.3 ± 24 3.3 :I: 6 5.1 ± 33 

Apr. 1.0 ::I: 2 I.I :I: 100 9.1 :I: 10 2.S :I: IS 5.7 :I: 5 7.4 :I: 14 

May 0.8 :I: 2 I.I :I: JOO 7.4 :I: 29 2.3 :I: 22 5.8 :I: 6 6.5 :I: 26 

June o.s :I: 3 0.7 :I: 100 0.7 ± JOO 0.3 :I: 100 3.9 :I: 8 3.9 ± 34 
July 0.7 :I: 2 0.9 :I: 100 4.7 :I: 15 1.6 :I: IS 4.6 :I: 4 5.0 :I: 12 

Aug. 0.7 ::I: 2 4.5 :I: 67 2.6 :I: so 1.0 :I: 31 2.9 ± 9 2.5 :I: 31 

Sept. 1.0 ± 2 5.9 :I: 36 1.2 :I: 63 0.8 :I: 43 2.1 :I: I I  2.0 :I: 55 

Oct. 1.0 :I: 2 S.7 ± 78 1.5 :I: 57 0.7 :I: 64 1.7 ::!: I I  1.7 :I: 45 

Nov. 0.8 :I: 2 10. :I: 56 8.9 :I: 31 0.5 :I: 100 1.9 :I: 20 16. ± 21 

Dec. 1.0 :I: 2 6.2 :I: 44 31. ± 10 2.3 :I: 49 4.1 :I: 12 15. :I: 100 

Anmal Httage 0.83 x 10-13 5.1 x 10-16 7.1 x 10-l6 1.3 x 10- 16 3.5 x io-16 11.2 x 10-16 

% SOM 19 68 1 1 3  S7 40 182 

CG 4.0 x 10-8 4.0 x 10-9 2.0 X 10- IO 9.0 x io-10 5.0 X 10-IO 2.0 x io-10 

% CG 2.1 x 10-4 1.3 X 10-5 3.6 x 10-4 1.4 x 10-5 7.0 X 10-5 5.6 x 10-4 

TABLE6. Gamma activity on air filters-Site 300. 

10- 13 µCi/ml ± 211(%) 10-16 µCi/ml ± 211(%) 

Month 7Be 40K 106Ru 125Sb t37c5 144ce 

Jan. 0.8 :I: 2 3.l :I: 33 4.5 :I: 20 1.0 :I: 24 2.2 :I: 7 3.9 ::I: 16 

Feb. 0.8 :I: 2 3.9 :I: 22 5.5 :I: 27 1.2 :I: 20 3.1 :I: 7 0.5 :I: I I  

Mar. 0.9 :I: 2 3.8 :I: 23 6.6 :I: 24 2.0 :I: I I  4.2 :I: 4 7.8 :I: 18 

Apr. I. I :I: 2 0.9 :I: 100 10. :I: 32 2.9 :I: 12 6.0 :I: s 8.5 :I: 12 

May 1.0 :I: 2 0.9 :I: 100 9.4 :I: 13 2.8 :I: 22 6.9 :I: 5 8.4 :I: 34 

June 0.7 :I: 2 0.3 :I: 100 0.5 :I: 100 1.S ± 65 5.3 :I: 5 7.S ± 27 

July I.I :I: 2 4.8 :I: 46 1.5 ± 13 2.0 :I: 17 6.6 ± 3 7.8 :I: 20 

Aug. 1.5 ± 2 S:8 :I: 54 S.9 :I: 17 2.1 ± 18 6.3 :I: 4 6.8 :I: 16 

Sepr. 1.2 ± 3 3.7 ± S7 3.S ± 32 I.I :I: 26 3.2 :I: s 2.S ± 18 

Oct. 1.3 :I: 3 4.4 :I: 63 2.2 :I: 27 0.9 ± 34 2.0 ± 7 1.9 :I: 26 

Nov. 0.9 ± 2 6.5 ± 40 6.7 ± 23 0.6 :I: 154 1.8 ± 12 13. :I: 30 

Dec. 1.2 ::I: 2 2.4 :I: 106 35. ± 9 3.J ± 28 4.9 ::I: 9 86. ± 5 

Annual nerage 1.0 x 10-13 3.4 x 10-16 8.1 x 10-16 1.8 x 10-16 4.4 x 10-16 12.9 x 1�16 

% SOM 23 SS 110 49 43 181 

CG 4.0 x 10-8 4.0 x 10-9 2.0 X 10-IO 
9.0 X 10- IO S.O X 10-IO 2.0 X 10- IO 

% CG 2.5 x 10-4 8.5 X 10-6 4.1 x 10-4 2.0 X 10-5 8.8 X 10-5 6.S X 10-4 

2A-29 

7. * 23

19 1 36

2.0 X arm 9.0 x IOC) la x urio 2.a x orlo

as

Jim.

3.il x 10-16

4.2 * 4

8.1 X 10-111 5.8 X 10-11 1.4 X 10-16 12.9 X 10-111

49 43

2.0 x arm La x arm so X 10-11) 2.0 x 10"°



t-.J > I w 0 

I oca1ion• 

IM 

Ill 

16 

Jan. 

II.I> ± IS 

IU ± 211 

hb. 

0.9 ± 12 

0 .. 1 ± 19 

0.4 ± Ill 

•stt He. 5 for sompline loca1ion .. 

bn; • 11.11 x io-14 µCi/ml. 

\lar. 

l.J ± 18 

0.4 ± 22 

0.5 ± 14 

\pr. 

I.II :t IS 

11.5 :t Ill 

ll.7 :t Ill 

TABLE 7. Plutonium-239 on air filters-Livermore Valley. 

\la) 

1.4 ± II 
0.4 ± 12  

0.7 ± 14 

.lune 

II.I> ± 12 

0.2 ± 21  

11.S ± 22 

w- 11 ,. Ci  m l  ± lo('<) 

Jul) 

II.I> ± 20 
0.4 ± 22 

11.4 ± Sil 

.\ug. 

0.4 ± JO 
0.2 ± 22 

0.4 ± 34 

Sepe . Ori. 

O.S ± .IO II •. \ ± 411 

II. I ± 38 11.4 .!. 211 

0.4 ± 211 11.2 ± .\II 

,o .. 

II.� ± �  

II.I ± 4K 

11..l ± 29 

Ute. 

II.I> ± 20 

11.4 ± 21 

II.� ± 22 

.\•tragt c, SU\l 

11.H 

11..l 

11.4 

�K 

4� 

.\4 

" ( c;b 

u x w- 2 

II.� X I0-2 

11.1 x w-2 

i



Moath 

Jan. 

Fdl. 

Mar. 

Apr. 

May 

June 

July 

01  

02 

12 

13 

14 

15 

01 

02 

12 

13 

14 

15 

01 

02 

12 

13 

14 

15 

01 

02 
12 

13 

14 

15 

01 

02 

12 

13 

14 

15 

01 

02 

12 

13 

14 

15 

01 

02 

12 

13 

14 

15 

TABLE 8. Plutonium, cesium, and uranium on air filters-LLNL perimeter. 

10-1 7  1-1Ci/ml 

± 217(%) 

0.4 ::I: 18 

0.4 ::I: 18 

0.5 ::I: 20 

0.3 ::I: 22 

0.5 ::I: 20 

0.3 ::I: 24 

0.5 ± 28 

0.6 ± 12 

0.7 :I: 20 

0.4 ± 14 

I.I :1: 12 

0.4 ± 12 

0.6 ± 14 

0.5 ± 14 

0.4 ± 14 

0.8 ± 10 
. 

0.8 ::I: 12 

0.6 ± 12 

0.8 ::I: 10 

0.9 ::I: 8 

0.7 ± 8 

0.9 ::I: 8 

I.I ::I: 8 

0.8 ± 8 

0.7 ± 10 

0.8 ::I: 24 

0.6 ::I: 14 

0.6 ± 12 

4.9 ± 6 

0.7 ::I: 10 

0.5 ::I: I I  

0.6 ::I: 13 

0.6 ::I: 13 

0.4 ::I: 16 

3.4 ± 9 

0.5 ± 17 

0.7 ± 23 

0.7 ± 20 

0.7 ± 32 

0.4 ± 34 
I.I ± 22 

0.6 ± 26 

6.0 

2.0 

9.0 

1.2 

13. 

8. 

0.3 

5.0 

7.0 

3.0 

7.0 

3.0 

0.9 

0.7 

0.9 

4.1 

1.3 

2.6 

1.0 

0.8 

0.1 

2.3 

2.9 

2.1 

0.02 

2.7 

1.3 

3.8 

32. 

1.9 

4.2 

0.7 

4.7 

1.2 

13.5 

3.2 

1.0 

3.0 

4.0 

3.0 

19. 

1.0 

10-15 µCi/ml 
± 2u(%) 

0.2 ± 6 

0.2 ::I: 7 

0.2 ± 10 

0.2 :I: 7 

0.2 :I: 7 

0.2 ± 9 

0.4 ± 7 

0.4 ± 6 

0.4 ± 14 

0.3 ::I: 8 

0.5 ± 8 

0.3 ± 7 

0.4 ± 6 
0.4 ± 8 

0.4 ± I I  

0.4 ± 8 

0.4 ± 8 

0.4 ± 10 

0.6 ± 4 

0.7 ± 3 

0.6 ::I: 3 

0.5 ± 4 

0.7 ± 4 

0.6 ± 4 

0.6 ± 4 

0.7 ± 3 

0.4 ± 7 

0.5 ± 4 

0.6 ± 7 

0.6 ± 4 

0.4 ± 7 

0.5 ± 5 

0.4 ± 6 

0.4 :I: 8 

0.4 :I: 6 

0.4 ± 5 

0.5 ± 6 

0.6 ::I: 5 

0.4 ± 8 

0.5 ± 6 

0.5 ± 6 

0.5 ± 6 

2A-31 

239Pu/ 137 Cs 
2.0 

2.0 

2.5 

1.5 

2.5 

1.5 

1.2 

l.S 

1.8 

1.3 

2.2 

1.3 

1.5 

1.2 

1.0 

2.0 

2.0 

l.S 

1.3 

1.3 

1.2 

1.8 

1.6 

1.3 

1.2 

I.I 
1.5 

1.2 

8.2 

1.2 

1.2 

1.2 

l.S 

0.8 

8.5 

1.2 

1.4 

1.2 

1.8 

0.8 

2.2 
1.2 

1.3 ::I: 2 

1.8 ± I 

3.0 ± 2 

1.4 ± I 

1.3 ± I 

1.7 ± I 

2.3 ± I  

3.5 ± I 

4.7 ± 2 

2.3 ± 2 

2.0 ± 4 

2.9 ± 2 

1.8 ± 2 

1.9 ± 2 

1.5 ± 2 

3.0 ± 2 

2.1 ± I 

2.5 ± 2 

2.4 ± I 

2.7 ± 2 

3.0 ± 2 

1.9 ± 2 

2.4 ± I 

3.5 ± I 

2.7 ± 2 

2.7 ± 2 

4.0 ± I 

2.0 ± I 

5.5 ± 2 

5.8 ± 2 

3.6 ± I 

2.6 ± I 

3.6 ± I 

2.2 ± I 

6.4 ± I 

5.1 ± I 

3.5 ± 4 

3.6 ± 9 

2.3 ± 9 

3.0 ± 6 

5.5 ± 7 

5.0 ± 3 

10-5 µg/m3 

: 217(%) 10-3 

2.0 ± I 6.5 

2.9 ± I 6.4 

4.6 ± 2 6.5 

2.1 ± I 

2.1 ± I 
2.6 :I: I 

5.0 ::I: I 

7.8 ± I 

16. ± I 

5.0 ± I  

3.7 ± I  

7.7 ::I: I 

2.6 ± I 

2.8 ± I 
2.1 ::I: l 

4.6 ::I: I 

3.1 ::I: I 

3.6 ± I 

3.3 ::I: I 

3.8 ± I 

4.3 ± I 

2.7 ± I 

3.4 ± I 

4.9 ::I: I 

4.0 ::I: I 

3.9 ::I: I 
5.9 ± I 

2.8 ± I 

7.8 ± I  

7.9 ± I 

5.2 ± I  

3.6 ± I 

5.1 ± I  

3.0 ± I 

9.1 ± I  

7.1 ± I 

4.8 ± 2 

5.1 :I: 5 

3.2 ± 3 

3.8 ± 4 

6.9 ::I: 4 
6.9 ± 2 

6.7 

6.4· 

6.7 

4.6 

4.5 

2.9 

4.7 

5.5 

3.8 

7.1 

7.0 

7.1 

6.7 

6.9 

7.1 

7.1 

7.1 

7.0 

7.1 

7.2 

1.2 

7.0 

7.1 

6.9 

7.4 

7.1 

1.5 

7.2 

7.3 

7.2 

7.2 

7.1 

7.3 

7.4 

7.1 

7.1 

8.0 

8.1 

7.3 

10-2
10-7 ng/m3

10-2 f 2ð(96)

Location' 239pub 2381,10239pu 137C3 135U 238U 235U/238U

0.3 1.2

SO 1.5

7.0 1.8

13 3.0 1.3

7.0 2.2

15 1.3

0.9

0.7 7.0

0.9

13 8.7

li

15

1.3 7.1

7.1

7.2

1.3

0.02 7.0

2.7 7.1

13 3.5 7.4

7 .1

15

7.2

7.3

7.2

7.1

1.4 7.4

14 19. 13.1

15 7.3



Aug. 0 1  

Sepe. 

Occ. 

Dec. 

02 
12 
13 
14 
IS 

0 1  
02 
12 
13 
14 
IS 

0 1  
02 
12 
13 
14 
IS 

01 
02 
12 
13 
14 
IS 

01 
02 
12 
13 
14 
IS 

Annual averages: 

10- 17 µCi/ral 
t 2a(%) 

0.7 ± 22 8.0 
0.4 ± 29 1.0 
0.3 ± 28 9.0· 

0.3 ± 24 2.0 
0.7 ± 20 
0.4 ± 20 

0.2 ± 42 
0.3 ± 29 
0.1 ± 6() 
0.2 ± 39 
1.2 ± 1 8  
0.3 ± 32 

0.8 ± 26 
0.2 ± 44 
0.3 ± 3S 
0.1 ± � 
0.4 ± 34 
0.2 ± 42 

0.2 ± JO 
0.4 ± 20 
0.4 ± 22 
0.2 :t: 28 
0.4 ± 22 
0.3 ± 28 

o.s :I: 23 
0.6 :I: 23 
0.7 :I: 2S 
0.4 ± 27 
0.8 ± Ill 
0.5 ± 20 

ao- 17 µCi/ml 

II. 
IS. 

28. 
3.0 

46. 
8.0 

18. 
2.0 

6.0 
4.0 
1.0 

48. 
10. 
28. 

6.0 
3.0 

IO. 
s.o 
6.0 
9.0 

0.5 
10. 
20. 
-3. 

2. 
7. 

TABLE 8. Continued. 

io- IS µCi/ml 
'%: 211( "o) 
137cs 

0.4 ± 7 
0.3 ± 6 
0.2 ± 14 
0.3 ± 13 
0.3 ± 9 
0.3 ± 8 

0.3 ± 10 
0.2 ± 8 
0.2 ± 20 
0.2 ± 10 
0.2 ± 10 
0.3 ± 7 

0.3 :I: 12 
0.4 :I: 13 
0.6 :I: 6 
0.1 ± 13 
0.4 ± I I  
0.4 ± 6 

0.2 ± 12 
0.2 ± 9 
0.2 ± I I  
0.2 ± I I  
0.2 ± 10 
0.2 :I: I I  

0.4 :I: 5 
0.5 ± s 
o.s ± 6 
0.4 ± 8 
0.6 ± 6 
o.s ± 8 

239Pu/ 137es 

1.8 
1.3 
1.5 
1.0 
2.3 
1.3 

0.7 
l.S 

o.s 
1.0 

6.0 
1.0 

2.7 
o.s 
o.s 
1.0 
1.0 
0.5 

1.0 
2.0 
2.0 
1.0 
2.0 
1.5 

1.3 
l.l 
1.4 
1.0 
1.3 
1.0 

ur7 µr.J-3 
± 211(%) 

6.S ± I 
4.0 ± 7 
3.2 ± 13 
2.9 ± 13 
4.9 :I: 3 1  
s.o ± s 

6.1 ± I  
4.8 ± I  
3.6 ± I 
3.7 ± I 
6.3 ± 2 
7.8 ± I 

6.7 ± I 

7.6 ± I  
4.8 :I: 2 

S.6 ± I 

8.9 ± 2 

8.1 :I: I 

7.8 :I: I 
S.8 ± I 
5.8 :I: 2 
7.7 ± 2 

12.1 ± 2 

2.4 ± 2 
3.2 ± 2 
3.4 ± 2 
2.1 ± I  
2.9 :I: I 

3.S :I: 2 

9.4 ± I 7.0 
S.6 ± 4 7.3 
4.4 ± 6 7.4 
4.3 ± 6 6.9 
7.2 :I: 1 6  
6.9 ± 3 

8.8 ± I  

6.8 ± I 
S.I ± I 
S.2 ± I 
8.8 ± I 

1 1 .  ± I 

6.9 
7.3 

7.0 
7.1 
7.2 
7.2 
7.2 
7.2 

9.6 ± I  7.1 
10.8 ± I  7.1 
8.0 ± I 6.1 

�01 analyzed 
8.1 ± I 7.0 

12.7 ± I 7.1 

11.2 ± I 7.3 
10.9 ± I 7.2 
8.2 ± I 7.2 
8.2 ± I 

10.7 ± I 
16.8 ± I  

J.S ± I  
4.4 ± I 
4.8 ± I  
2.9 ± I 
.u ±  I 
4.8 ± I 

7.2 
7.3 
7.3 

7.0 
7.4 
7.0 
7.1 
7.0 
7.J 

Location 239Pu % SOM "I> C"Gc 238U "I> SOM 

01 
02 
12 
13 
14 
IS 

0.6 
o.s 
0.5 
0.4 
1.4 

o.s 

±38 1.0 x 10-2 0.4 
±39 o.8 x ao-2 o.4 
Ho o.s x ao-2 0.4 
±58 0. 7 x io-2 0.3 
± 100 z.3 x ao-2 o.4 
±39 0.8 x io-2 0.4 

1See Fig. 4 for sampling locations. 

±33 
±42 
±40 
±42 
±41 
±36 

8.0 X w-S 

8.0 X io-S 

8.0 X 10-S 

6.0 x 10-5 

8.0 x io-5 

8.0 X 10-S 

4.0 ±58 2.1 x ao-S 

3.9 ±S2 2.1 X io-S 

3.6 ±32 1.9 x ao-S 

2.8 ±44 1.5 x w-S 

4.4 ±48 2.3 x 10-5 

S.3 ± S7 2.8 X io-5 

bin all cables acli•ity li5ted as 239Pu includes actfricy due 10 lbe 240Pu isocope. 
ccG = 6.0 x ao-14 µCi/ml for 239Pu (soluble) actiYity in air. 
d('G = S.O x io- IO µCi/ml for 137cs (insoluble) actMty in air. 
ecG = 1.9 µg/m3 for 235u (insoluble) activity in air. 
fee = IS µg/m3 for 238u (insoluble) activity in air. 

2A-32 

S.8 ±54 
5.7 ±SO 
6.0 ±60 
4.1 ±42 
6.4 ±48 
7.7 ±52 

J.9 x io-4 

3.8 x 10-4 

4.0 x 10-4 
2.7 x 10-4 

4.3 x io-4 

5.1 x io-4 

Mouth

10-2
Agh.3

10-2 20%) le-3

Locations 239p,b 238Po/239Pu
235V 238U 23511/23%

7.3

7.3

7.1

7.214

7.2

13

14

Nov.

3.4

13

14

* s
7.4

13 7.1

2. *

10-15 ACŠ/nil

137Cs % SDM % CGd

10-7 Ag/m3

235U % SDM % CGe

10-5 mg/m3

% CGf

13

4.3

1.4



TABLE 9. Plutonium, cesium, and uranium on air filters-Site 300. 

10-17 µCl/ml 10- lS µCi/ml io-7 µg/m3 io-5 µg/m3 
± 211(%) lo-2 ± 211(%) io-2 ± 211(%) ± 2u(%) io-3 

Month 239Pu 238P.;239Pu 137cs 239Pu/ 137 Cs 23Su 238u 235u;238u 

Jan. 0.8 ± 4 3 0.3 ± 2 2.7 2.3 ± 3 8.6 ± 2 2.8 
Feb. 2.3 ± 3 3 0.4 ± 2 5.8 11.6 ± 4 55.6 ± 4 2.1 
Mar. l.8 ± 4 3 o.s ± 2 3.6 1.7 ± l 4.7 ± l 3.6 
Apr. 1.0 ± 6 4 0.6 ± 1 1.7 3.2 ± l 6.7 ± 2 4.9 
May 1.3 ± 4 2 0.9 ± 2 1.4 3.2 ± l 6.5 ± I 5.1 
June 1.4 ± 5 3 0.7 ± I 2.0 4.4 ± l 7.6 ± I 5.9 
July 1.3 ± 7 4 0.6 ± 2 2.2 4.0 ± 4 6.4 ± 4 6.4 
Aug. 1.0 ± 8 4 o.s ± 2 2.0 7.6 ± I  15.2 ± 2 5.1 
Sept. o.s ± 8 3 0.3 ± 2 1.7 5.9 ± 3 9.4 ± 3 6.4 
Oct. 0.4 ± 11  4 O.l ± 5 2.0 6.9 ± 3 13.2 ± 3 5.2 
No•. o.s ± 8 4 0.2 ± 3 2.S 5.6 ± 12 8.4 ± 1 1  6.7 
Dec. 0.8 ± 8 3 o.s ± 3 1.6 3.4 ± 3 10.1 ± 2 3.4 

AnNlal annte I.I X 10-17 O.S X 10-IS 5.0 x 10-7 12.7 x 10-S 

% SOM 56 44 SS 109 
CG 6.0 x l0-14 5.0 X 10-IO 1.9 15 
% CG 1.8 x ur2 1.0 x 10-4 2.6 x 10-5 8.5 x io-4 

TABLE 10. Tritium (HTO) in air-LLNL perimeter and Livermore Valley. 

io-l l µCi/ml 
Calcutatedc 
adult whole 

Locatioaa Ju. Feb. Mar. Apr. May June Jiily Aug. Sept. Oct. No•. Dec. Annge % SOM % ccb body dose, 
mrem 

Perimeter 
01 4.l 1.7 2.5 2.8 l.4 1.6 2.7 1.6 2.3 3.5 4.2 2.7 35 1.4 x 10-2 3.6 x 10-2 

02 3.8 3.8 3.0 3.1 1.5 1.0 1.7 1.9 0.9 12.7 11.5 11.0 4.7 94 2.4 x 10-2 6.1 x 10-2 

12 S.9 4.6 4.3 S.9 3.6 2.4 5.6 7.5 4.6 8.9 6.8 6.3 5.5 32 2.8 x 10-2 7.1 x io-2 

13 3.S 2.2 3.1 2.1 2.3 1.0 0.7 1.3 1.4 3.7 4.5 4.5 2.5 52 1.3 x 10-2 3.3 x 10-2 

14 4.3 2.S 3.1 5.9 4.9 4.3 8.5 6.7 5.2 3.3 3.7 3.9 4.7 36 2.4 x 10-2 6.1 x 10-2 

15 6.1 3.0 2.9 4.1 3.2 3.4 4.9 -3.3 2.3 2.3 2.4 3.4 3.4 33 1.7 x 10-2 4.3 x 10-2 

Valley 
SI 2.9 2.0 2.2 2.2 1.7 1.5 2.0 l.S 1.8 1.9 4.8 4.6 2.4 47 1.2 x 10-2 3.0 x 10-2 

S2 2.8 2.6 1.6 1.2 0.9 1.7 o.s 0.8 3.3 2.S 2.5 l..9 51 1.0 x 10-2 2.5 x 10-2 

8see fip. 4 and S for sa.mpllag locadou. 
bee 2 2.0 x io-7 µCl/ml ror trldiam (HTO) In air. 
c0o5es are calculated usi91 the medloda in U.S. NRC Regulatory Gu.Ide 1.109 uni- otberwite stated. 
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TABLE 11.  Various radionuclides in soil-Livermore Valley. 

µ.Ci/dry g :t: 2 17(%) µg/dry I :t: 2cr(%) 

Location• 
Simpling 

239Pu ( 10-9) 40K (I0-5) l37cs ( 10-7) 232.rh 238u depth, cm 

783 0-5 o.s :t: 10 0.7 :t: 4 0.3 :t: 26 0.4 :t: 7 0.9 :t: 30 
784 0-5 0.3 :t: 14 0.8 :t: 6 0.2 :t: 28 0.3 :t: 12 0.6 :t: 32 
735b 0-5 0.2 :t: 16 0.9 :t: 4 0.2 :t: 40 0.3 :t: 9 0.8 :t: 16 

786 1)-5 0.3 :.t: 14 1.0 :.t: 8 0.2 :.t: 4' 0.6 :.t: 12 0.6 :t: 54 
7fr7 0-5 0.3 :t: 30 1.3 :.t: 4 O.l :t: 68 0.7 :t: 4 1.4 :t: 16 
788 0-5 2.3 :t: 12 1.0 :t: 4 0.3 :t: 42 0.5 :t: 10 I.I :t: 25 
789 1)-5 S.6 :t: 8 1.0 :t: 4 0.3 :t: 6 0.6 :t: 6 1.4 :t: 16 

790 0-5 3.3 :t: 10 1.0 :t: 4 2.0 :t: 6 0.6 * 6 1.1 :t: 22 
791 1)-5 2.3 * 16 t.l :t: 4 1.3 :t: 10 0.6 :t: 8 0.6 :t: 56 
792c 0-5 1.8 :t: 17 1.1 :t: 4 0.7 :t: 14 0.5 :t: 6 0.6 :t: 80 
793 1)-5 0.6 :t: 20 0.7 :t: 6 0.5 :t: 14 0.5 :t: 6 1.0 -± 23 
794 0-S 3.4 :t: 11 t.2 :t: 3 2.4 :t: s 0.6 :t: 5 1.4 :t: 14 

m 0-5 4.6 :t: IS 1.4 :t: 4 3.2 :t: 4 0.6 :t: 7 1.0 :t: 27 
796 0-S 3.5 :t: IS I.I :t: 6 2.0 :t: 6 0.6 :t: 7 1.2 :t: 17 
797 0-5 2.7 :t: 10 1.6 :t: 2 1.6 :t: 8 0.7 :t: 4 1.3 :t: 22 
798 0-S 7.6 :t: 13 1.0 :t: 4 2.7 :t: 6 o.s -± 8 0.8 :t: 20 
803 0-S 6.4 :t: 8 1.s ± 4 3.9 :t: 4 0.7 :t: 8 1.s ± 12 
817 0-S 2.7 :t: 4 1.0 :t: 10 6.3 :t: 6 0.6 :t: 12 0.9 -± 30 
818 0-S 8.9 :t: 8 1.2 :t: 18 3.S :t: 8 0.8 :t: 14 0.8 :t: 28 
819 0-S 3.3 :t: 10 1.2 :t: 16 1.3 :t: 16 1.0 :t: 12 0.8 :t: 30 
820 0-S 8.3 :t: 8 1.1 :t: 14 3.2 :t: 8 0.7 :t: 16 0.9 :t: 24 
821 0-S 4.7 :t: 6 1.3 :t: 14 2.1 :t: 12 0.8 :t: 16 0.8 :t: 60 
822 0-S 2.S :t: 8 l.S :t: 16 1.2 :t: 14 0.7 :t: 14 0.8 :t: 30 
823 0-S 19. :t: 6 1.4 :t: 8 2.2 :t: 10 0.7 :t: 12 1.1 :t: 54 
824 0-S 13 :t: 6 1.3 :t: 14 1.6 :t: 12 0.8 :t: 12 l.O :t: 32 
8lS 0-S 1 1  :t: 6 1.3 :t: 16 1.8 :t: 10 0.9 :t: 14 1.0 :t: 22 
826 0-S 4.9 :t: 6 l.l :t: 10 1.3 :t: 12 o.9 ± 16 0.4 :t: 34 
827 0-S S.6 :t: 8 1.6 :t: 4 2.1 :t: 12 0.7 :t: 14 0.8 :t: 42 
818 0-S 7.2 :t: 6 l.S :t: 10 3.4 -± 6 0.7 :t: 6 0.7 :t: 102 
829 0-S 6.7 :t: 6 l.S :t: 14 2.9 :t: 10 0.6 % 12 0.6 :t: 30 
830 0-5 4.6 :t: 6 1.4 :t: 14 2.5 :t: 8 0.7 :t: 10 0.8 :t: 30 
831 0-5 4.1 :t: 6 1.4 :t: 14 1.9 :t: 12 0.8 :t: 14 0.6 :t: 4' 
832 0-5 3.9 :t: 6 1.4 :t: 8 t.6 :t: 14 0.8 :t: 12 0.8 :t: 31 
833 0-S 4.1 :t: 8 1.3 :t: 10 2.0 :t: 12 0.7 :t: 20 0.7 :t: 60 
834 0-S 14. :t: 4 1.2 :t: 2 4.1 :t: 6 0.8 :t: 18 0.8 :t: 26 

9Sff Fis. 8 ror sampling locations. 
bReplicate of 784. 
cReplicate of 791. 
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TABLE 12. Plutonium, cesium, and uranium in soil-Site 300. 

Sampling 
depth, 

Location11 cm 

805 0-S 

806b 0-S 

807 0-5 

808 0-S 

809 0-S 

810 0-S 

8 1 1  0-S 

812 0-5 

813 0-S 

814 0-S 

SIS 0-S 

816 0-S 

3See Fig. 9 for sampling locarions. 
bReplicate of 805. 

µCi/dry g ± 2u(%) µg/dry g ± 2u(%) 

239pu ( 10-9) t37cs ( I0-
7) 238u 

4.0 ± 8 0.2 ± 6 1.2 ± 63 

3.7 ± 19 0.2 ± 34 0.7 ± 28 

8.9 ± 8 o.s ± 4 1.3 ± 22 

1.9 ± 1 4  0.1 ± 10 0.04 ± 64 

3.3 ± 10 0.2 ± 8 t.S ± 16 
4.2 ± 1 0  0.2 ± 8 1.8 ± 24 

4.3 ± 1 0  0.3 ± 7 1.4 ± 35 

3.7 ± II 0.2 ± 8 73. ± 6 

0.4 ± 33 0.03 ± 34 1.9 ± 14 

S.8 ± 8 0.3 ± 8 1.4 ± 48 

2.S ± II 0 . 1  ± 16 4.8 ± 4 

6.2 :!: 8 0.3 ± s 1.7 ± 23 

TABLE 13. Various radionuclides in emuents- LLNL and Livermore Water Reclamation Plant. 

io-6 µCi/ml ± 211(%) 10-
l l  µCi/ml ± 2u(%) w-

12 µCi/ml ± 2a(%J 

HTO 137 Cs 239p0 

.vtontb LLNL LWRP LLNL LWRP LLNL LWRP 

Jan. 12.0 ± 49 J.9 ± 70 40.7 ± 7 5.3 ± 26 250 ± 4 t.J ± JO 

Feb. 4.7 ± 59 1.0 :!: 61 66. ± 5 4.5 ::!: 36 217 ::!: 6 1.4 ± 34 

Mar. 2.2 ± 72 5.9 ± 25 JO. ± 9 5.6 ± 30 139 ::!: 6 1.4 ± 34 

Apr. Jl.8 ::!: 20 21.2 ± 18 76.9 ::!: 4 4.9 ± J9 7(HI :!: 4 I.I ± 24 

May 6.1 ::!: 44 1.7 ::!: 62 20. ± I I  S.6 ::!: 42 74 ± 4 1.2 ± 30 

June S.11 ± 64 0.7 ± 62 91.  ::!: 4 4.J ± J6 2.J ± 46 1.2 ± 22 

.July 42.1 ::!: 39 3.82 ± JO 67.6 ± 5 4.0 ± 37 1.3 ± 46 1.5 ± Sii 

Aug. S3.8 ± 24 J.7 ± 42 65.7 ::!: 5 S.2 ::!: JO 376 ± II 2.8 ± 38 

Sept. 23.2 ± 40 1.7 ± S I  123. :!: 3 4.2 ± 42 93 ::!: II 0.2 ± 124 

Oct. IOI. ::!: 20 4.2 ± 50 2S3. ± 3 7.2 ::!: 39 6470 ± 6 I . I  ± 62 

:"lov. 4.8 ± so 4.9 ± so 26.1 ::!: 8 S.6 ± 46 IOIO ± 7 1.7 ± 46 
Dec. S.3 ::!: 41 I.I ± 74 29. ± II  20. ± I I  1810 ± 7 1.4 ± 34 

Annual average 24.4 x io-6 4.S x io-6 74.0 x io- 1 1  6.4 x 10- 1 1  929 x 10- 12 1.4 x 10-12 

% SOM 121 123 86 69 196 43 

CG 0.1 3.0 x 10-3 4.0 x 10-4 2.0 x w-5 1.0 x io-4 5.0 x io-6 

% CG 2.4 x io-2 IS x I0-2 1.9 x io-4 
3.2 x io-4 9.3 x io-4 

2.8 X IO-S 
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TABLE 14. Gross aJpha activity in water-Livermore Valley. 

10-9 µ0/ml 
Num.ber 

l.oca<io•1 of samples Maximum Minimum A•tragt % SOM % CGb 

I I  4 <3.3 <2.6 <2.9 10 <10 

15 4 <2.4 <l.8 <2.1 13 <7 

16 3 15.0 ± 16.7 2.6 ± 2.4 <7.J 91 <24 

19 3 <3.4 <2.4 <2.8 1 8  <9 

20 7 <2.5 <0.9 <t.8 32 ..;;6 

24 4 <3.8 <2.9 <3.4 I I  < I I  

26 4 <4.5 <3.3 <3.8 14 < 1 3  

29 4 <3.5 2.4 :± 1.6 <2.8 19 <9 

JI 4 <3.9 <2.4 <3.2 22 < I I  

J2 4 <3.3 < 1.9 <2.7 24 <9 

JJ 4 4.4 :± 12.1 0.3 :± 3.7 <2.7 73 <9 

34 2 8.1 :± 5.6 3.7 ± 4.1 <5.9 34 ..-20 

15ff �1g. 5 for sampllnc locations. 
bee • 3.0 x 10-8 µCi/ml. 

TABLE IS. Gross alpha activity in water-Site 300. 

10-9 µCi/ml 
Number 

l.0<:1ui11n11 of s11mples Miu.imum Minimum Aver111tc: % SOM % C'Gb 

01 3 .;;J.7 <2.8 <3.2 15 < I I  

02 3 8.4 ± 3.0 2.8 ± 2.7 <5.2 56 "17 

03 9 4'4.9 <2.3 <3.J 24 < I I  

04 3 46.3 ± 8.4 29.1 ± 8.8 <35. 29 <0.2c 

us 3 <S.O <3.6 <4.4 16 "15 

06 3 <4.2 ..;;4.0 <4.1 3 <14 

07 3 <4.J -2.2 ± 4.6 <0.9 375 3 

I I  4 <4 -1.3 ± 8.4 <2.5 102 <8 

14 4 16.4 ± 6.1 4.3 ± 3.1 <8.2 75 <27 

20 4 <1.6 <0.8 < 1.4 36 <5 
21 4 16.8 ± 8.9 <3.0 <6.9 95 <23 

11SH Fiii:s. 6 1md 7 for samplinii lontions. 
bC'G = J.O x 10-8 µCi/ml. 
cS�cifk ualyses of IM� smmplt'll dtmonstr11te th111 :di IM activity is due to n111ur11lly occ:urrinx ur11nium. for _.hich the concencnition guide 

value is 2.0 X 10-5 µCi/ml. 
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TABLE 16. Gross beta activity in water-Livermore Valley. 

Number 
10-

9 µCi/ml 

Location• or samples Maxi- Mlnlm11111 AYeraae % SOM % CGb 

1 1  4 <8.2 2.1 :I: 2.0 <6.1 S1 <l.O 

IS 4 <8.6 4.7 :I: 2.4 <S.9 31 <2.0 

16 3 <39.8 6.S :I: 2.2 <18.S 100 <6.0 

19 4 <S.1 2.8 :I: 1.7 <4.6 31 <l.S 

20 7 <13.3 <3.3 <S.9 SS <2.0 

24 4 8.4 :I: 1.8 <3.3 <S.S 39 <1.8 

26 4 6.S :I: 3.9 3.8 :I: 1.8 <4.9 24 <1.6 

29 3 <S.I 2.7 :I: 2.2 <4.0 30 <1.3 

31 4 <4.0 2.8 :I: 2.7 <3.6 16 <1.2 

32 s <8.0 <2.4 <4.9 49 <1.6 

33 4 7.4 :I: 4.S S.2 :I: 2.8 <6.1 16 <2.0 

34 2 12.4 :I: 2.1 10.1 :I: 2.4 < 1 1.3 14 <3.8 

8See F11. S for sampllnc locarioas. 
bcG .. 3.0 x 10-7 µCi/ml. 

TABLE 17. Gross beta activity in water-Site 300. 

Number 
10-9 µCl/ml 

Location• or samples Maximum Minimum AYeraae % SDM % CGb 

01 3 <8.7 S.3 :I: 1.9 <7.4 2S <2.S 

02 3 <37.2 S.I :I: 3.1 < 17.3 100 <S.8 

03 9 9.7 :I: 2.3 4.6 :I: 3.8 <8.0 22 <2.7 

04 3 <47.4 14.9 :I: 1.8 <27.7 63 <9.2 

OS 3 <32.S 8.1 :I: 1.8 <16.7 82 <S.6 

06 3 <8.4 4.0 :I: 2.6 <6.2 35 <2.1 

07 3 12.9 :I: 3.3 I0.9 :I: 3.7 12.0 9 3.6 

I I  4 <1S.S 4.7 :I: 4.4 <24.4 140 <8.1 

14 4 21.2 ± 3.2 1.S ± 3.2 <12.3 49 <4.1 

20 4 < 1 1.8 <2.4 <6.0 71 <2.0 

21 4 16.S :I: 2.9 - 6.2 ± 3.7 < 1 1.6 37 <3.9 

8See Fip. 6 ud 7 for sa111plin1 locatiOllS. 
bcG = 3.0 x ur 7 µCi/ml. 
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TABLE 18. Tritium ( HTO) in water-Livermore Valley. 

io-7 µCi/ml ± 211(%) Calculattd 
adult whole 

NumMr body dose. 
Location• of sampl� Maximum Minimum Anrage % SOM % CGb mrem 

I I  4 1.3 ± 6 0.9 ± 9 I. I 20 3.7 x I0-3 
I.I  x io-

2 

15 4 1.2 ± 7 1.0 ± 7 I . I  9 3.7 x I0-3 
I . I  X I0-2 

16 3 2.7 ± s 1.5 ± 5 2.2 27 7.3 x 10-
3 

2.2 x I0-2 

19 4 1.6 ± 6 o.s ± 15 0.9 52 3.0 x 10-
3 

0.9 x io-2 

20 7 16.8 ± 3 1.5 ± 20 9.8 so 33. x I0-
3 

9.6 x 10-2 

24 4 2.0 ± 5 1.0 ± 8 1.4 32 4.7 x 10-
3 

1.4 x I0-2 

26 4 2.4 ± 6 2.2 ± 5 2.3 4 7.7 x 10-
3 

2.2 x 10-2 

29 4 I.I  ± 9 0.7 ± 9 0.9 19 3.0 x I0-
3 

0.9 x 10-2 

30 12 1.0 ± IS 0.4 ± 55 0.8 24 2.6 x I0-
3 0.8 x 10-2 

31 4 0.9 ± JO 0.8 ± 8 0.8 4 2.7 x io-3 0.8 x 10-2 

32 3 1.4 ± 14 0.7 ± 9 1.0 28 3.4 x 10-
3 

1.0 x 10-2 

33 4 1.3 ± 15 0.8 ± 10 I . I  21 3.7 x 10-
3 

I . I  X 10-2 

34 2 0.9 ± 7 0.8 ± 9 0.9 7 3.0 x 10-3 0.9 x 10-2 

1See Fig. 5 for sampling locations. 
bee = 3.o x io-

3 µCi/ml. 

TABLE 19. Tritium (HTO) in water-Site 300. 

10-8 µCi/ml ± 211(%) Calc1d1ttd 
adult whole 

NumMr body dose, 
Location• of sampl'es Maximum Minimum Averagt % SOM % ccb 

01 4 9.0 ± 8 2.1 ± 30 4.0 84 u x ro-
3 

3.9 x 10-
3 

02 4 3.2 ± 22 2.0 ± 27 2.3 24 o.8 x w-3 l.2 x 10-
3 

03 4 9.0 ± 8 0.7 ± 84 3.6 104 1.2 x w-3 3.5 x io-3 

04 3 2.S ± 2J 0.9 ± 79 1.6 53 o.s x 10-
3 

1.6 x io-
3 

OS 4 5.8 ± 16 2.9 ± 2J 4.1 30 1.4 x w-
3 

4.0 x 10-
3 

06 4 6.8 ± 14 2.1 ± 28 3.6 S9 1.2 x io-
3 

3.5 x io-
3 

07 3 7.8 ± 12 2.4 ± 24 4.3 69 1.4 x 10-
3 

4.2 x io-
3 

I I  4 10.1 ± 20 6.4 ± 1 1  8.2 19 2.7 x 10-J 8.0 x 10-
3 

14 4 9.1 ± 9 6.6 ± 26 7.7 13 2.6 x 10-
3 

7.5 x 10-
3 

20 8 12.9 ± 17 3.6 ± 16 8.1 37 2.7 x 10-
J 

7.9 x 10-3 

21  4 4.8 ± 14 2.8 ± 22 3.7 26 1.2 x 10-
3 

J.6 x 10-
3 

1See Figs. 6 and 7 for sampling locations. 
bee = 3.0 x 10-

3 µCi/ml. 
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TABLE 20. Tritium ( HTO) in groundwater-Livermore Valley. 

Well ActMty, 
Location• idealiRcatioa Well depth, m 10� j.Ci/mt ± 2a(%) 

JSIE-02N2 24 0.329 :t 4 
2 JSIE·02R I 10 I.SJ ± 3 
3 JSIE-OJQI 107 0.47S :t 3 
4 JSIE-08H4 61 0.097 :t " 
s JSIE-09AI 44 0.020 :t JM 
6 JSIE-09GI 49 0.506 :t 3 
7 JSIE.IOA2 27 O.SIJ :t 3 
" JSIE-1202 14 1.31 :t 3 
9 JSIE-12GI 27 l.S1 .± J 

Ill JS2E-OIP2 44 11.033 ± 46 
I I  JS2E-07Cl IS 0.256 ± IS 
12 JS2E-OHH2 14 0.078 :t IO 
13 3S2E-OHK2 23 0.13S ± 6 
14 3S2E-09Q4 24 0.189 ± s 
IS JS2E-IOQI 13 0.216 :t H 
16 JS2E-14A3 34 0.071 :t 9 
17 3S2E-ISJ2 S7 0.16S :t s 
IH 3S2E-16E4 IS 11.141 ± 6 
19 3S2E-2281 17 0.219 ± s 

•see �i11. 11 for sampling locatioM. 

bn; = J.o x w-3 µC'i/ml. 

TABLE 21. Tritium (HTO) in vegetation-Livermore Valley. 

Num�r 
io-7 µCi/ml :t 217( % ). water rte0•ered 

l.ocation8 of samples Maximum Minimum Average % SOM 

114 H 11.3 ± 14 3.7 ± 26 S.H 41 
IS K 21.3 ± s H.O ± IS 12.1 41 
16 6 7.6 ± 16 3.8 ± 27 6.0 23 
211 K 19.1 ± 6 6.2 ± 17 12.4 32 
21 7 22.J ± s 1.9 ± 13 12.8 44 
22 9 31.8 ± 4 2.6 :I: 44 12.2 llO 
2J 6 40.7 :t 4 9.1 ± 14 22.2 so 
29 7 38.S ± 4 IS.3 :I: H 22.9 34 
JO H 21.7 :I: 7 S.2 ± 19 10.7 SS 
JI H 34.8 ± s 6.8 ± 18 16.2 67 

8See Fia. S for sampling locations. 
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TABLE 22. Tritium ( HTO) in vegetation-Site 300. 

Number 
w-1 µCi/ml % 2cr(%), w1ter recovered 

l.ocation1 of 51mples Maximum Minimum Aver1ge 

01 9 7.7 % 16 0.911 % IOO 4.3 

02 IO 7.4 % 17 I.I % 100 4.H 

•'-' H 6.6 % 18 I.I % 100 .l.9 

O!i H 7.4 % 23 1.9 % 53 4.H 

06 6 60.3 % .l 3.4 % 30 17.9 

I I  9 8.0 % 15 1.4 % 71 4 • .l 
12 .l H.9 % 15 6.H % IH 7.7 

IJ 6 13.8 % IO .l.2 % 30 H.6 

1Sff Fiits. 6 and 7 for sampling l�1tiom. 

TABLE 23. Tritium (HTO) in wine.1 

Number 
of S1mples 

w-6 µCi/ml % 217(%), w1ter recovered 

l.�ation 

Livermore V1lley 

Other C'11iforni1 arelS 

Europe 

H 

2 

M1Ximum 

0.41 % H 

0.13 % 15 

2.46 % 5 

11S11mples represent vint1ges r1nging from 1977 to 1979. 
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O.IO % 21 

0.0H % 20 
0.24 

0.11 

% SOM 

61 

42 

60 

311 

llH 

48 
14 
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Clkul1ted 
1dult whole 
body dose, 

mrem 

3.8 x 10-
2 
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3.11 x 10-2 
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Locarion 

Livermore Valley 

Other California areas 

Number of samples 

:\laximum 

\linimum 

Average 

"'oSDM 
Calc:ulared adull whole 
body dose. mrem 

TABLE24. Tritium (HTO) in honey. 

Number 10-6 µCi/ml ± 2a(%), waler recovered 

of samples Maximum Minimum Average 

4 0.SIO ± 6 0.19S ± 12 0.30 
4 0.411 ± s 0.342 ± 7 0.38 

TABLE 25. Various radionuclides in milk-Livermore Valley. 

10-7 µCi/ml ± 2a(%) 10--6 µCi/ml ± 2a(%) 

HTO 
2S 16 

13.0 ± 7 2.3 ± 3 
I.I± 100 1.2 ± 3 

4.7 1.6 
64 19 

2.0 x 10-2 20.3 

% SOM 

.i6 
8 

10-9 µCi/mi ± 2a(o/o) 
137cs 

16 
4.9 ± II! 
1.8 ± 54 

3.4 

29 

1.s x ur2 

TABLE26. Environmental radiation measurements (TLD )-LLN L perimeter. 

mrem 

Locarioaa J1n.-Mar. Apr.-J1111e JuJy-Sept. Ocr.-Dec. 
I IS 17 18 14 64 

2 13 14 17 II SS 
3 14 18 17 14 63 
4 12 IS 19 13 59 
� 16 19 28 18 81 
6 13 16 18 63 
7 10 14 16 12 S2 
8 l:Z IS 17 13 S7 
9 II IS 17 13 S6 

10 IS 19 20 IS 69 
II IS 19 19 IS 68 
12 IS 17 19 IS 66 

Average 13 17 19 14 63 
1Stt Fi1. 4 few dosimeter locallou. 

bTLD _,__IS I• llM off-sire vicillity of Ille Laboratory (fls. 11) han a mediu ui..W back1rounct of S9 mrem. Howenr, sub-
1racli111 this v1l11e fl'09 die d11a abo•e lo Hdaate dM CCllltrilllldo. fro• Labontory operadons ylelclt seYeral negative contribudont, thus 
det11ourrali111 dtat bacqroued le•els al nriwl perimeter caallOt be repretealed by a slnpe Y1lue. 

cA, mown in Table 17, llfttf'Oll dOle-�IS at Locadoll S Indicate .. addldonal close of85 mrem. A publk lramportadon bus stop 
on Eut Avenue It locatM akllt 90 •west of LocatlOll 5. Neutl'Oll -r-nrs al the site perimeter nearat this buutop (Location 3 in Fl1. 

4) mowed 111 anlUI entrott expoeure close of 46 mrem. 
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TABLE 27. Environmental neutron monitoring-LLNL perimeter. 

1..oc.t1o11• Ju.-M•r. Apr.-J- Jldy-Sept. Oct.-Dec. Annul 

s 2 I 8 16 
2 s 2 2 4 13 
3 15 2 3 26 46 
4 s 2 2 10 
5 27 10 26 22 8S 
6 4 I I s I I  
7 7 . 2 2 4 IS 
8 13 2 2 18 

A•era1e 10 3 5 9 27 

8Stt "lg. 4 for closi-cer louciou. 

TABLE 28. Beryllium on air fdter�LLNL perimeter. 

10-S µ1/m3 

Lou1iot18 M•r. Apr. M•y JUM July A11g. Occ. No•. Dec. Anr•ge % SDM 

01 <2.1 <1.6 <2.2 l.J 1.7 1.6 < 1.3 <2.7 <2.2 S.2 2.7 <l.S <2.2 49 
02 <2.3 <1.7 <2.1 1.2 1.4 1.3 <I.I  1.4 1.2 s.s 2.2 1.3 <1.9 64 
12 <3.3 <S.1 <2.1 2.3 <2.8 1.4 <2.8 <1.8 <2.8 <2.8 2.8 1.9 <2.7 40 
13 <2.0 <1.5 <2.0 1.2 1.4 1.4 <1.2 <l.S 1.2 3.4 <2.3 <1.4 < 1.7 37 
14 <2.2 <3.4 <2.3 1.8 2.2 2.0 <1.7 <2.1 3.4 2.2 <2.9 < 1.8 <2.3 2S 
IS <2.0 <1.4 <2.0 3.6 3.1 2.9 2.4 2.9 2.4 S.9 2.8 <l.J <2.7 44 

Annie <2.3 <2.6 <2.1 1.9 <2.1 1.8 <1.8 <2.1 <2.2 <4.2 <2.6 <1.5 <2.3 

% SOM 21 67 6 49 JS 34 40 30 40 37 I I  17 
% sc••ri' 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 

8See 4 ror S81Dptl111 loc.tlon1. 
bEmissioll st•ttd•nl is 0.01 µg/m3. 
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TABLE 29. Beryllium on air filters-Site 300. 

10-S µg/mJ 

loca1ion1 Jan. Feb. Mar. Apr. May June July Aug. Sepe. Oct. NoY. O�. Anrage % SOM 

01 

02 

03 

04 

OS 

07 

08 

09 

10 

I I  

Anrage 

'\ SOM 

'\ Stanclanlb 

< 1.4 < 1.3 

<1.4 < 1.3 

<1.9 <1.7 

<2.S <3.0 

<1.6 < 1.6 

<0.7 < 1.7 

<1.7 <1.6 

< 1.7 < 1.8 

<1.8 <0.7 

<2.2 <2.1 

< 1.3 1.2 

< 1.4 2.7 

<2.0 3.S 

<2.9 4.2 

<2.0 2.6 

< 1.6 1.7 

< 1.6 3.4 

< l.S 1.4 

<2.6 3.8 

<2.3 2.2 

2.7 8.2 

S.0 3.8 

2.4 2.6 

3.2 1.4 

J.9 J.7 

2.6 1.2 

2.4 1.4 

2.2 2.0 

2.S 4.3 

<2.1 1.2 

< 1.6 <2.2 

< l.S < l.S 

<2.3 <3.6 

< 1.9 <2.3 

1.6 s.o 

<2.3 <3.2 

<3.J <2.6 

< 1.6 <2.S 

<3.S 3.S 

<7.1 <3.4 

<16 <7� <1.3 

1.2 3.0 <2.9 <8.2 

<2.0 2.3 <2.S <2.0 

< 1.9 <3.0 2.1 <4.7 

S.O 4.9 7.1 J.S 

< 1.9 <2.0 2.2 < l.S 

<1.9 <2.1 2.0 <1.6 

<J.4 4.1 2.0 <1.6 

<2.6 2.4 2.8 <2.1 

<2.1 <2.0 <2.2 <2.2 

< 1.7 < 1.7 < 1.9 2.7 <2.9 J.O <2.7 <3.0 <2.S <2.9 <3.3 <2.9 

29 35 26 37 31 

0.2 0.2 0.2 0.3 0.3 

73 63 33 

O.J O.J 0.3 

48 34 61 76 

0.3 0.3 0.3 0.3 

1See Fig. 6 for sampling localions. 

bEmiJSion standard is 0.01 µg/m3. 

Monll1 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

NOY. 
Dec. 

% SOM 

Cd 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0 

TABLE 30. Various elements in LLNL liquid effluent. 

Cr 

0.39 

0.35 

0.28 

0.27 

0.35 

0.34 

0.23 

0.27 

0.21 

0.24 

0.22 

0.21 

0.28 

21 

Cu 

2.3 

1.4 

l.S 

0.67 

1.6 

0.26 

2.0 

1.3 

I.I 
0.93 

0.09 

0.08 

1.10 

65 

Fe 

0.19 

4.3 

2.3 

2.0 

J.I 

2.7 

2.0 

1.9 

2.S 

3.3 

0.80 

o.ss 

2.14 

S6 
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ppm 

Pb 
0.08 

0.06 

0.07 

0.63 

0.67 

O.IS 

0.11 

0.07 

0.04 

o.os 

0.02 

0.01 

0.06 

67 

Ni 
0.12 

0.67 

0.90 

o.� 

o.os 

0.67 

0.06 

0.06 

0.06 

0.03 

0.01 

0.01 

0.12 

208 

Ag 

0.10 

0.09 

0.12 

0.02 

0.11 

0.16 

0.10 

0.03 

0.01 

0.01 

0.03 

0.02 

0.67 

71 

<2.9 

<2.8 

<2.4 

<2.8 

<3.S 

<1.9 

<2.1 

<2.0 

<2.7 

<2.6 

<2.6 

0.3 

Zn 

0.61 

2.07 

1.16 

0.41 

0.53 

0.53 

0.57 

0.53 

o.ss 

0.45 

0.27 

0.24 

0.66 

76 

86 
75 

2S 
36 
49 
37 
33 

40 
37 

S8 

Jog.

11,2

<1.3

3.7

<0.7 <1,7 <2,3

2A 1,4

2.2

<3,5 3.5

<7.1 <3.4

2.4

76

8,3 13 0.3

2.3

1.4 4.3 0.09

2.3 0.07

0.05

035 0.07

2.7 0.07

0.23

1.3

0.04

+oerage



TABLE JI. Physical and chemical examinations of LLN L liquid effluent. 

1111/I 
Jan.-Mar. Apr.-JUM July-Sept. Oct.-Dec. Anra1e % SDM 

BOD 90 120 78 46 84 37 
('()I> 203 470 220 135 257 57 
Total nitroaen (as N) 33 39 33 29 34 12 
A111moni1 nitrogen (u N) 24 23 31 23 25 15 
Nitrite nltroaen (H N) <0.01 <0.01 <0.01 <0.01 <0.01 
Nitrite nltroaee (•s N) <0.014 0.039 0.03 <0.01 <0.02 !8 
Oil 11111 cr- (FEM) <5 24 17 8 14 64 
Sulf1lt 49 49 70 44 53 22 

Aneaic 0.0014 0.0025 0.0034 0.0011 0.0021 !O 
RorCMI 0.66 0.76 0.117 0.47 0.69 25 
C'y1nide 0.20 0.16 <0.01 <0.02 0.10 99 
Mttc:ury O.INMO 0.0069 0.0024 0.0011 0.0036 69 
Seleeium <0.0005 <0.0005 <0.0005 <0.000:5 <0.0005 
To<1I alklllnity 126 121 105 107 115 9 
Tor.I phO!IPhonas (u P) 5.4 6.5 4.5 4.S S.2 18 
Chloride 32 21 3S 31 JO 20 
Phenols 0.031 0.018 0.036 0.017 0.026 37 
C1kium I I  9.9 13 9.6 II 14 
M1gnnium J.2 1.6 2.1 2.9 2.S JO 
Sodium 33 JO 111 29 30 7 
Po1155ium 20 19 22 IS 19 IS 
Sodium (IS % of c1tioM) S2 S4 49 63 SS I I  
Tot•I solia 290 362 300 248 300 16 
Dmohed solids 208 201 217 190 204 6 
Suspended solids S6 225 92 43 104 80 
Vol11ilt solids 119 179 103 117 131 25 
Seutnblt solids (ml/I/hr) 2.0 1.5 2.S <O.I J.O 104 
ldt11tifl1blt chlorin.ted 
hydronrbons <Los• <LOSb <LOS <LOS 
PC'B(ppb) 0.2 ( 1154) <LOS <LOS <LOS 

8Exception is 0.2 ppb o( IKhllial dtlordue (LOS = 0.10 ppb). 
bExceptions att 0.48 ppb of Aldria (LOS • 0.05 ppb) 11111 0.36 ppb Heptadllor epoxide (LOS • 0.05 ppb). 
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Nuclide 

41Ar 

3H 
3H 

3H 

TABLE 32. Estimated radiation dose to the public from LLNL airborne effluents during 1980. 

Facility Curles 

Livermo e 
pool-type reactor 165 

T itium facility 2218 

Insulating 
core accelerator 70 

RotatiDg target 
neutroa source 17 

D09t at site 
boundary, 

1.3 

0.39 

0.06 

0.009 

Dose to nearest Dose within 80-km 
resideat, radius of LLNL, 

0.26 0.31 

0.31 1.3 

0.05 0.04 

0.004 0.01 

13N_l5o Linear a.ccelerator 1656 2.10 0.56 0.16 

Year 

1976 
1977 
1978 
1979 
1980 

TABLE 33. Radioactin effluent releases from LLNL from 1976 through 1980. 

Airborne effluents, Ci Liquid effluents, Ci HTO 

470 
3991 1035 10 1.5 x 10--4 

380 5210 990 13 3.6 x 10-4 
766 5362 1445 9 8.6 x 10-4 
383 4517 829 7 9.8 x 10--4 
165 2305 1656 5 2.8 x 10--4 
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TABLE 34. Summary of anaJyses for the QuaJity Assurance Program.a 

Isotope Media Periodb LLL EML All LLNL/EML LLNL/All 

137cs Air 0.312 0.257 1.21 I.IS 

134cs Air 0.31J 0.247 0.2S8 1.27 1.21 

239pu Air 0.128 0. 120 0.128 1.07 1.00 

2 0.212 0.246 0.228 0.86 0.9J 

239pu Soil I O.SlO O.S6J O.S29 0.91 0.96 
2 0.9SO 0.900 0.984 1.06 0.97 

3H Water I 0.946 I.OJ 1.04 0.92 0.91 
2 0.132 0.149 0.147 0.89 0.90 

239pu Water 0.410 O.S77 0.417 0.71 0.98 
238pu Water 0.680 0.830 0.689 0.82 0.99 

'Ion-radioactive elemeotsc 

Cu Air 0.600 0.600 O.S64 1.00 1.06 
Zn Air 0,60S 0,600 0.611 1.01 0.99 

\'1g Air 0.26J 0.240 0.2SS 1.09 I.OJ 
Cu Water 0.120 0.120 0.123 1.00 0.98 
Zn Water 0.120 0.120 0.122 1.00 0.98 
Mg Water 0.210 0.200 0.199 I.OS 1.06 

aAll of the values shown are relative; i.e., the exponents are not induded. and therefore do nor indicate total activity or concentration levels. 
hsampling frequency decreased from quarterly to semiannually during 1980. 
c Analytical results for second set of non-radioactive elements were lost. 
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APPENDIX B. ENVIRONMENTAL ACTIVITY 

CONCENTRATION-GUIDE LEVELS 

The standards for Radiation Protection {ERDA Manual Chapter 0524. issued March 3. 1977) state 
that the average activity of a mixture of radionuclides (whose identities and concentrations are unknown) in 
air and water should not exceed the following values: 

I .  Air (controlled area) 
2. Air {uncontrolled area) 
3. Water (controlled area) 
4. Water (uncontrolled area) 

6 x 1 0- 1 2  µCi/ml 
2 x 10-14 µCi/ml 
4 x 10-7 µCi/ml 
3 X 10-8 µCi/ml 

(f alpha emitters and 227 Ac are definitely not present, the following values may be used to determine 
permissible average activity: 

5. Air (�ontrolled area) 
6. Air {uncontrolled area) 

3 x 10- 1 1  µCi/ml 
I x 10-12 µCi/ml 

If l 291, 226Ra, and 228Ra are definitely not present, the following values may be used: 

7. Water (controlled area) 
8. Water (uncontrolled area) 

3 x 10-6 µCi/ml 
I X IQ-7 µCi/ml 

Both air and water samples are subjected to gross alpha and gross beta measurements. The average 
annual alpha activities of samples may not exceed the activity values listed as 1-4 above. Since the alpha emit
ters have been accounted for in the gross alpha measurements and the assumption is made that 1291, 227 Ac, 
226Ra, and 228Ra are not presen t  in the samples. the average annual gross beta activities of the samples may 
not e�ceed the activities listed as 5-8 above. The assumption that 1291, 227 Ac, 226Ra, and 228Ra are not present 
in air and water samples is reasonable in view of the min ute quantities of these radionuclides available at the 
Laboratory. Chapter 0524 of the ERDA Manual also states that average tritium activities in off-site water 
samples may not exceed J x 10-3 µCi/ml. 

The external whole-body radiation dose to workers in controlled areas may not exceed 5 rem /y. and 
the dose to an individual in an uncontrolled area may not exceed 500 mrem/y. Also, a group of individuals in 
an uncontrolled area may not receive an average annual dose of more than 170 mrem. 
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APPENDIX C. METHOD OF DOSE CALCULATIONS 
The doses shown in this report have been calculated using the models and methods in the Nuclear Regu· 

latory Commission Regulatory Guide 1 . 109, "Calculating Annual Doses to Man from Routine Releases of Reactor 
Effluent." Examples of these calculations and assumptions are shown in this appendix. 

ANNUAL DOSE FROM POT ABLE WATER 
Assuming that all water sampled is available as drinking water, the annual whole body dose for tritium has 

been calculated using the following equation: 

where 

Cw = 

Uw = 

= 

Dw = 

= 

concentration in pCi/I, 
intake rate, I/yr, 
730 I/yr for maximum exposed individual, 
dose factor, mrem/pCi, 
1 .05 X 10-7 mrem/pCi for the whole body ingestion pathway for an adult. 

( I )  

Rtotal body = annual dose in mrem to the total body from ingestion of 730 litres of potable water with 
concentration Cw . 

ANNUAL DOSE FROM FORAGE-COW- MILK PATHWAY 
FOR TRITIUM IN VEGETATION 

Assuming that all the feed for the cattle was pasture grass, the annual whole body dose per µCi/ml HTO for 
the maximum exposed individual has been calculated using the following equation: 

where 

Dveg (leafy vegetables) = Uveg X Cveg X DHTO • 

uveg = intake rate, kg/yr, = 64 kg/yr, for maximum exposed individual, 

Cveg = concentration in pCi/kg 
pCi/kg 

X Cvcg µCi/ml (measured). 
µC1/ml 

DHTO = dose factor, mrem/pCi = 1 .05 X 10-1 1  mrem/pCi for JH 
for the adult whole body ingestion pathway. 
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APPENDIX D. DISCHARGE LIMITS TO 
THE SANITARY SEWER SYSTEM 

OF THE CITY OF LIVERMORE 

Sections 1 8.63 and 18.66 of the Code of the City of Livermore (1959) state the discharge limits for 

Livermore's sanitary sewer system. These limits are as follows: 

Section 18.63 
No person shall discharge. or cause to be discharged, except for sail waste discharge from water 

softener units of any kind or description installed and in operation on or before January 3 1 ,  1966, which are 

regenerated by the owner thereof at the place of use of such units, any of the following described water or 

wastes to any public :;ewer unless the customer obtains a permit from the city in accordance with Section 

18.65. 

(a) Any liquor or vapor having a temperature higher than one hundred fifty degrees Fahrenheit. 

(b) Any waters or wastes which contain more than two hundred ppm of fat, oil or grease that is 

petroleum ether soluble. 

(c) Any gasoline. benzene, naphtha, fuel oil or other inflammable or explosive liquid, solid or gas. 

(d) Any garbage, except properly ground with a mechanical garbage grinder. Specifically excluded 

from the sewers are waste products resulting from the handling, storage and sale of fruits and vegetables from 

other than retail produce establishments, or other foods not intended primarily for immediate consumption. 

(e) Any ashes, cinders, sand, mud, straw, shavings, metal, glass, rags, feathers, tar, coal tar. 

asphalt, cement, plastics. woods, paunch manure or any other solid viscous substance capable of causing 

obstruction w the flow in sewers or other interferences with the proper economical operation of the sewage 

works. 

(f) Any wastes or water with a pH lower than six and eight-tenths or higher than eight. 

(g) Any waters or wastes containing total dissolved solid increments greater than three hundred and 

twenty-five ppm. nor chloride increments greater than seventy-five ppm, increase during a single cycle use of 

1he water supply. 

(h) Any water or wastes having a B.O.D. greater than three hundred ppm (the average B.0.D. for 

residential users). 

(i)  Any waters or wastes containing more than three hundred ppm of suspended solids (the average 

suspended solids for residential users). 

(j) Any waters intended to be used or used to dilute waste discharge to avoid violation of the above 

limitation (Order No. 586, paragraph I) .  

Section J 8. 66 
No person shall discharge or cause to be discharged any radioactive wastes into any public sewers, 

except where: 

A. The waste is discharged in strict conformity with current Atomic Energy Commission recom

mendations for safe disposal of radioactive wastes. 

B. The discharging of radioactive waste will not cause injury to personnel or damage to the sewer 

works. Any person discharging a radioactive waste to a public sewer in accordance with the provisions of the 

preceding paragraph shall submit to the council such report as the council may deem necessary. 

In the event of an accidental spill of any radioactive material into the public sewer, the person 

responsible shall (a) immediately no1ify the plant superintendent, and (b) render such technical or other 

assistance to the department of public works within his power to prevent the sewage works from becoming 

contaminated with radioactivity. 
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SAMPLING AND ANALYTICAL PROCEDURES FOR ENVIRONMENTAL 

MONITORING AT LAWRENCE LIVERMORE LABORATORY 

ABSTRACT 

Described herein are sample collection and analysis procedures employed 

in environmental monitoring at the Lawrence Livermore Laboratory. An 
integral part of the quality assurance program developed for environmental 

monitoring at Livermore, these procedures provide a basis for veri fying that 

sampling and analytical activities are being performed as specified. 

INTRODUCTION 

Written procedures have been prepared for each environmental montoring 

activity at Livermore as part of the quality assurance program developed for 

environmental mon itoring at Lawrence Livermore Laboratory (LLL) . The sample 

collection and analysis procedures described herein have been reviewed and 

approved by those responsible for managing the monitoring program. During a 

program aud i t ,  such written documentation can be used to verify that 

sampling and analytical procedures meet program spec i f ications. 

The "Sampling" sections of this report describe the sampling procedures 

used for each sample medium monitored. A general description of each medium 

is usually provided. This is followed by the collection procedure used, 

provisions for sample identification, and a schedule for sample replication. 

The "Analysis" sections of this report cover sample analysis. General 

conunents on each sample medium analyzed are followed by specific 

descriptions of standards and calibrations , analytical procedures, and/or 

counting procedures as applicable for each med ium. 

AIR SAMPLING 

Continuously operating air samplers are used at LLL to measure the 

concentration of a i rborne particulate radioactivity, beryllium, and 

triti ated water . Samplers placed at 6 perimeter locations at LLL and at 10 

locations at Site 300 measure particulate radioactivity and beryllium. 

Particulate radioactivity is also measured at 10 off-site locations near the 
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Laboratory. Tritiated water samplers are operated at the six LLL perimeter 

locations and at two off-site locations. In all cases, samplers are so 

placed as to provide reasonable assurance that any significant concentration 

of effluents from Laboratory operations would be detected regardless of 

local meteorology . 

Collection 

Particulates 

LLL perimeter and Site 300 particulate samples are collected on 5 . 2-

x 10-2 
-m

2 
Whatman filters, using average flow rates of 700 �/mi n .  

Off-site samplers i n  the Livermore Valley use 4 . 6- x l0
-3

-m
2 

Flanders 

F-700 glassfiber filters operated at a flow rate of 80 �/min. Particulate 

sample flow rates are calibrated with a spirometer that has been calibrated 

against an immersion unit certified by the National Bureau of Standards. 

Flow rates of H i-vol air samplers are verified at monthly intervals with a 

portable fi eld-calibration unit. 

Tritiated Water 

Samples of tritiated water vapor are collected by drawing air through 

silica-gel-packed columns at flow rates of about 0 . 5  �/min. Columns are 

exchanged weekly. 

Identification 

Particulates 

Particulate samplers are run continuously, and sample filters are 

exchanged weekly. Each filter is identified by location, date on, date off, 

elapsed sampling time, and flow rate. Filter samples are placed in glassine 

envelopes and are transported to the laboratory, where this information is 

transferred to log sheets and each sample is given a serial number that 

accompanies it during�analysis. Ralf of each LLL perimeter and Site 300 

filter is used for beryllium analysisr the other half is retained for 

radioactivity measurements. 

Tri tiated Water 

Tritiated water vapor samplers are run continuously, and silica-gel 

holders are exchanged biweekly. Each sample is identified by location, date 

on, date off, elapsed sampling time, and flow rate. This information is 

transferred to log sheets in the laboratory, and each sample is given a 

serial number that accompanies it during analysi s .  
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Particulates 

At bimonthly intervals, a particulate air sampler is operated in 

parallel with the permanent sampler at one of the six LLL perimeter 

locations. This parallel operation is continued for one month, filters are 

changed weekly, and both filters are submi tted for analysis in the usual 

manner. Bimonthly rotation of the extra sampler among the six locations 

ensures samplers are checked annually. The replicate samples are then 

compared with respect to gross alpha and beta activities and to 
239

Pu 

content. 

Tritiated Water 

Parallel samples of tritiated water vapor are collected at LLL 

per imeter locations during alternate months from those locations i n  which 

particulate replicates are being collected. 

SOIL SAMPLING 

Soil samples are collected annually within the Livermore Valley and at 

Site 300. Radiochemical analysis of these samples serves to document any 

changes that may have occurred during the yea r .  Increases in radioactivity 

that may result from Laboratory operations are brought to the public's 

attention through annual monitor inq reports. 

Collection 

Sampling sites are selected in reasonably level areas that represent 

undisturbed soil. A 2-m square is marked off with each such area, and an 

8 . 25-cm-diam coring tool designed at LLL is used to collect 5-cm-deep 

samples at the corners and center of the square. 1 

Identification 

The five samples of soil collected from each 2-m square are placed in 

plastic bags and are identified by number. This number is entered in a log 

book ,  together with the sampling data and a description of the sample 

location. The number is used to identify the sample throughout the 

laboratory analysis and in the annual monitoring report. 
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During each annual collection of soil samples, at least 10% of the 

sites are sampled in duplicate. In such collections, two adjacent 5-cm-deep 

cores are taken from the corners and center of each 2-m square. Separate 

composites of the five cores are then made, and the composites are 

identified by successive numbers. 

WATER SAMPLING 

At quarterly intervals , water samples from various sources in the 

Livermore Valley and at Site 300 are analyzed for gross alpha and beta 

radioactivity and for tritium content . These analyses are performed to 

determine if detectable changes in radioac tivity have occurred. 

Collection 

Grab samples of such surface sources as pond s ,  creeks, and reservoirs 

ace obtained with a tethered plastic pail . The samples are transferred to 

4-l plastic containers to which 6 . 5  mt of concentrated HCl has been 

added . For tritium analyses ,  a 1-i sample is collected in an argon

flusherl q lass container fitterl with a ground-glass stopper .  

Identification 

As samples are collected in the field, they are tagged with sampling 

location and date. In the laboratory, each sample is ass igned the number 

that accompanies it during analys i s .  

During each sample collection period, at least 10% of the water samples 

are duplicates . 

SEWAGE SAMPLING 

Sewage from the Laboratory is discharged into the City of Livermore ' s  

sanitary sewer system. Radioactive or otherwise hazardous liquid wastes are 

first treated to reduce concentration levels to within applicable standards 

before they are released into the sanitary sewer . Sewage samples are 

collected from LLL effluent and from the treated effluent of the Livermore 

Water Reclamation Plant (LWRP) . Quarterly samples are also collected from 

the Site 300 sewage-oxidation pond. 
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Collection 

LLL Effluent 

A 24-hr composite of LLL sewage effluent is collected daily by a 

motorized proportional sampler .  Aliquots of this composite are transported 

to the laboratory in soo-mi, wide-mouth polyethylene bottles . 

LWRP Effluent 

Daily composites of treated effluent from the LWRP are also collected 

by a proportional sampler. Aliquots of these composites are placed in 

500-mi polyethylene bottles and are retained for weekly collection by LLL. 

Site 300 Pond 

Grab samples of the Site 300 sewage-oxidation pond are collected 

quarterly in 3 . 78-t polyethylene containers. 

Identification 

As each sewage sample is collected in the field, it is tagged with the 

sampling location and date of sampling. In the laboratory ,  each sample is 

assigned a number that accompanies i t  during analysis. 

LLL Effluent 

Every Wednesday, one replicate sample of LLL eff luent is taken for 

g ross alpha, beta, and tritium. For one month each yea r ,  duplicate samples 

of LLL effluent are taken each day to permit preparation of duplicate 

monthly compos ites. 

LWRP Effluent 

One replicate sample of LWRP effluent is taken every Wednesday and is 

analyzed for g ross alpha, beta, and tritium. For one month each year , 

nuplicate samples are taken each day to permit preparation of duplicate 

monthly composites. 

VEGETATION SAMPLING 

At monthly intervals, samples of vegetation (usually native grasses) 

are collected throuqhout the Livermore Valley, at Site 300, and at the 

off-site locations near Site 300. After these samples are freeze dried, the 

t r i t ium content of the recovered water is determined with liquid 

scintillation counting. 
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Collection 

Samples of vegetation are routinely collected from the same locations 

each sampling period . Grass samples are pulled up or cut close to the 

ground , and any soil is discarded. The bulk volume of these samples is 

usually between 0 . 5  and 1 1.  As each sample is collected , it is placed in 

a plastic bag and frozen in a dry-ice chest to minimize water loss on the 

bag surface. �he duplicate samples collected at each location are later 

transferred to a freezer i n  the laboratory. 

Identification 

Samples of vegetation collected in the field are tagged according to 

sample type and location. In the laboratory, each sample is assigned a 

number that accompanies it until the measurement is reported. Measurement 

data are permanently retained on computer cards. 

Two samples of vegetation are collected at each location in case the 

first sample is lo�t during analysis or the measurement is in question. At 

least one set of each group of samples collected is analyzed in duplicate to 

furnish replicate measurement data. 

MILK SAMPLING 

Milk samples are obtai ned at monthly intervals from two goat farms 

located about 5 km south and 5 southeast of the Laboratory. A 3-1 portion 

of each milk sample is vacuum distilled, and the tritium content of the 

distilled water is determined by liquid scintillation. Each 3-1 sample is 

then concentrated by evaporation and gamma counted. 

AIR ANALYSIS 

Envi ronmental air samples are analyzed for gross alpha and beta 

activity and for various gamma-emitting radionuclides, plutonium isotopes, 

uranium isotopes and beryllium. 

Gross and Beta 

After a four-day delay to allow for decay of the radon-thoron 

daughter s ,  all envi ronmental-rad ioactivity air filters are counted for alpha 

and beta activity. Counting is done in a Sharp gas-proportional counter 

using 20-min counting periods. Normally, this counter is used only for 

environmental samples since a duplicate counting system is provided for 

routine samples. 
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Standards and Calibration 

Separate 
239

Pu and 
90

sr standards on 5-cm-diam stainless steel 

convoluted planchets are used for determining alpha and beta counting 

efficiencies, respE??tively. These standards are traceable to NBS or to 

equivalent certified sources. Counting efficiency measurements are made 

with each set of. filters 'counted , and a background count is taken at the 

beginning of each run and between each set of 10 samples. Records are kept 

of background and counting efficiency variations in the Sharp counte r .  

Gamma 

Monthly composites of Laboratory perimeter and Site 300 filters are 

analyzed for specific gamma-emitting radionuclides. These filters are 

sealed in 210-cm3
, thin-walled aluminum cans and are counted for nominal 

lOOO-min oeriods. Counting is done with an 80-cm3 , low-background Ge(Li) 
2 spectrometer that is equipped with a background-suppression system. 

Standards and Calibration 

Low-level uranium-ore (New Brunswick) and NBS river-sediment standards 

are used periotiically to check counting system response. Efficiency 

calibration checks are made with calibrated sources supplied by the 

International Association of Envi ronmental Analysts (LAEA) , the 

Bnvironmental Monitoring Laboratory (EML) , or NBS. 

238p 239p u, u 

Following gamma counting, the monthly composite of Laboratory perimeter 

filters is divided according to sampling location. This composite and that 

from Site 300 are dry ashed in a 4S0°c muffle furnace. Ashed samples are 

then dissolved with a RN03-HF-H2o2 mixture and are equilibrated with a 

standardized cesium carrier and tracer amounts of 242Pu and 
233

u. This 

solution is made 8!! with HN03 ,  the plutonium is oxidized to PU
+4 with 

NaNo2, and the plutonium, cesium, and uranium radionuclides are separated 

by anion-exchange techniques. 

The 
137

cs is collected first in the 8N fraction. Then the plutonium 

is eluted with a mixture of concentrated HC1-NH4! ,  and the uranium 

fraction is eluted with O . lN HCl. 

The plutonium fraction is purified by a second anion-exchange 
238 

separation and is electrodeposited on a platinum disc. Then , Pu and 
239Pu are determined by alpha spectrometry. 
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Standards and Calibration 

The LLL Heavy Element Group purifies and calibrates internal tracer 
242Pu by means of mass spectrometry. 3 Alpha spectrometry i s  also used 

. 242 236 2 39 
to periodically calibrate Pu Pu and Pu standards from 

P.ML .  

The cesium f raction collected i n  the plutonium separation is heated to 

evaporate excess ac id. After i t  is diluted with wate r , sodium hydroxide 

(NaOH ) is added to bring the pH to 2- 3 and the cesium i s  extracted with 

ammon ium molybdophosphate. The cesium is further purif ied by ion exchange 

with a aio-Rex 40 cation-exchange resin and i s  then precipitated as 

cs
2

PtC16 for yield correction. The precipitate is mounted for 
137cs 

determination and i s  counted i n  a low-background beta counter. 

Standards and Calibration 

Standard solutions of 
137cs from EML, LLL, and commercial 

laborator ies are userl to prepare efficiency and self-absorption counting 

standards to calibrate low-background beta detectors . 

The uranium f raction from plutonium separation is converted to sulfate 

by evaporating to dryness and by fuming with H
2

so4 • Further 

pu r i f i cation is obtained with anion exchange in sulfate form. Then 
235

u 

and 
238u are determined with isotopic-dilution mass spectrometry.

4 

Standards and Calibration 

The mass spectrometer is 
23 5 

certified quant ities cf U ,  

calibrated with NBS uranium sources conta ining 

the balance being 238u .  Mass values are, 

as noted , based on the use, of 233u ,  and semiannual alpha spectrometry 

measurements are employed to verify its purity. 

Water vapor samples are collected biweekly at LLL perimeter locations 

by silica-gel samplers operated at flow rates of about 0 . 5  t/min. The 

collected water i s  recovered by vacuum drying at 150
°

c ,  and the BTO i s  

measured by liquid scintillation counti ng. 
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Standards and Calibration 

A primary HTO standard is obtained from NBS. The calibration curve for 

each counting set is made f rom eight replicate measurements of a dilution of 

this primary standard, and the background is determined from eight replicate 

measurements of a deep-well water sampl e .  

Every month, half of each weekly LLL perimeter and Site 300 paper air 

filter is composi ted by sampling location. Two paper filters at a time are wet 

ashed with a mixture of 80% nitric and 20% perchloric acid. The solutions are 

then evaporated to 1-2 ml ,  taking care not to allow samples to bake dry. After 

the samples are diluted with water, they are filtered, any residues are 

discarded , anrl the filtrates are diluted to 25 ml with demineralized water .  

Stanrlards and Calibration 

Beryllium standards are prepared with 0 . 5  and 1-Ug of beryllium per 25 

ml of solution. The recorder readout of the Model 306 Perkin Elmer atomic 

absorption spectrophotometer is· set at 30x absorbance expansion, and the 

spec trophotometer is zeroed while aspirating deionized water into the flame. 

Instrument responses from the 0 . 5- and 1-µg beryllium standards are then 

recorded. Following these calculations, the response of each monthly composite 

is recorded and its beryllium content is calculated from the calibration data . 

SOIL ANALYSIS 

Each soil sample collected in accordance with the "Gamma Counting" section 

below is dried to constant weight at ll0
°

c ,  is pulverized in a mechanical 

grinder, and is screened through a 32-mesh screen to remove pebbles and dry 

veqetation. The sample is then blended, and aliquots are taken for various 

analyses. 

Gamma 

Approximately 300 g of the pulverized and blended soil sample is sealed in 
3 a 210-cm , thin-walled aluminum can. It is then counted for a nominal 1000 

min in the low-background gamma counter for gamma emitters and 238u . 2 
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Standards and Calibration 

Low-level uranium-ore (New Brunswick) and NBS river-sediment standards 

are used periodically to check counting system response. Efficiency 

calibration checks are made with calibrated sources supplied by IAEA, EML, 
or NBS. 

238
Pu, 

239
Pu 

Tracer 
242

Pu is added to a 100- to 500-g aliquot of soil sample 

prepared as previously indicated in the first paragraph of the "Soil 

�alysis" section of this paper . The sample is then acid leached with 

RN03-RC1 acid, using the EML soil-leach method .
5 

Plutonium isotopes are 

separated, purified, and analyzed in accordance with the "Air Analysis" 
. 238 

d 
239 

section on Pu an Pu. 

235
0, 

238
0 

In addition to the 
2380 data obtained from gamma measurement ("Soil 

Analysis" section on gamma counting) , natural isotopic content and depleted 

uranium concentration are also determined by isotopic-dilution mass 

spectrometry in certain selected samples. These samples are analyzed i n  a 

manner similar to the procedure given in the "Air �alysis" section on 
238

Pu and 
239

Pu and on 
2350 and 

2380. 

WATER ANALYSIS 

Environmental water samples are analyzed for gross alpha and beta 

activity and for tritium content. 

Gross and Beta 

Each 500-mi water sample is acidified with HN0
3

• Then 30% a2o2 
is added, and the sample is evaporated to near dryness and transferred to 

5-cm-diam planchets of convoluted stainless steel .  After drying and 

flaming , the sample is counted for 30 min in a Nuclear-Chicago proportional 

counter. 

Standards and Calibration 
239 90 

The Pu and Sr standards are used with every sample set (see 

the "Soil Analysis" section on standards and calibration) • Instrument 

background measurements are made between evey 10 sample-counting 

measurements. 
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RTO 

samples collected in argon-flushed glass bottles are d istilled under 

argon. A 250-mi aliquot of sample is electrolytically enriched, using the 

enr ichment technique described by Ostlund.
6 

Following enrichment , the !ITO 
content of the sample is determined with either liquid-scintillation or 

internal qas-proportional counting. 

Standards and Calibration 

Each enrichment set contains duplicate aliquots of the secondary HTO 

standarn to verify the enrichment factors. See the "Standards and 

Calibration" section of "Air Analysis" on HTO for scintillation counter 

standards and calibration. For internal gas-proportional counter 

standardization, replicate samples of a secondary HTO standard are reduced 

to HT and are counted after 10 unknown samples are run. 

SEWAGE ANALYSIS 

Except for tritium analyses , all sewage samples are wet digested with a 

mixture of 20% HC104 and 80% HN03 • Those sewage samples for tritium 

analysis are distilled to reduce self absorption before counting. 

Gross and Beta 

A 100-mt quantity of LWRP effluent is wet digested, and the residue 

is transferred to 5-cm-diam planchets and is counted in accordance with the 

procedures in the "Water Analysis" section on HTO. Aliquots of 500 mt are 

taken for all other gross alpha and beta measurements. 

Tritium 

A 1-mt aliquot of sewage sample is added to 10 mt of Packard 

Insta-Gel in a 25-mt screw-cap glass bottle. Then, 1 mt of tap water is 

used to prepare a background for the sample, and both are placed in the 

refrigerated detection chamber of the Packard scintillation counter for a 

2-hr temperature-equilibration period prior to counting. The sample and 

background are each counted for 100 min. 

239
Pu, 137Cs, and 90

Sr 

Nuclear Chemistry analyzes monthly composites of Laboratory sewage 

effluent <!nd treated effluent from LWRP for 
239

Pu and 
137

cs . Duplicate 
239 

composites are prepared by Hazards Control and are analyzed for Pu and 
905 r .  
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Procedure 

Daily samples of sewage effluent are combined for the monthly 

coMposite, are acidified with 3� HCl, and 242Pu and cesium carrier are 

added . Ten milliliters of saturated KMno
4 

are added to the mixture, and 

the pH is adjusted to 8-10 with 3!_ NaOH . Then, 150 mt of MnC12 are 

added , and the plutonium coprecipitates with the Mn02 • 7 Each sample is 

later filtered through a 1-µm cotton filter cartridge, which is then dried 

and ashed at 47s0c. The filtrate is acidified to pH 1-3 with 3! HCl, and 

the cesium is extracted with 5 g of AMP. The sample is then refiltered, and 

the cartr idge is dried and ashed. 

The plutonium filter is heated with 100 mt of concentrated HN03 , 

and the Mn02 is dissolved with 30% H2o2 • The volume of solution is 

then reduced to about 50 mt, and the sample is filtered through 9 34-AB 

glass-fiber filter paper . The pluton ium is oxidized with NaN02 purified 

by anion exchange ,  is electroplated , and is counted by solid-state alpha 

spectrometry. 

The ashed cesium filter is dissolved in acid, excess anunonia i s  

evaporated with NaOH , and the cesium i s  reextracted with 1 g o f  AMP. 

Further purif ication is carried out as outlined in the RAir Analysis• 

section on 137
cs . 

Radiochemical 

The procedure outlined in the •Air Ana lysis• section on 23S
Pu and 

239
Pu is used to purify 239

Pu. The purified 239
Pu is then electro

deposi ted and is counted by solid-state alpha spec trometry. 

The Sr-Y is washed from the anion column (used in plutonium separation) 

with 8� HN03 . The combined washings are then evaporated and are converted 

to chloride by repeated HCl additions followed by evaporation. Residue is 

taken up in SN HCL, transferred to a freshly prepared Dowex 1 column , and 

the column is washed with SN BCl. The washings are later collected and 

evaporated to near dryness. Water is added , and the solution is adjusted to 

pH 1 . 5  with NH40H. This solution is extracted twice with 20% 2 , 2-diethyl 

hexyl phosphoric acid, and the organic phase is washed twice with 0 . 5!_ HCl 

and lN BCl. The Y is then back extracted with three 20-mt portions of 

HCl, the solution is evaporated to about 10 mt ,  and the Y i s  precipitated 

by adding HF. The YF3 is dissolved and precipitated as hydroxide; then it 
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is redissolved with HCl. The Y i s  then preci�itated as oxalate and i s  

f i l tered and converted to oxide in a muffler furnace s e t  at 900
°

c for 1 

h r .  The ash is weighed, dissolved i n  HN0 3 ,  transferred to a 5-cm-diam 

planche t ,  and dried. After drying, the ash is beta counted. 

Nonradioactive Metals and Fluorides 

Monthly composites of LLL sewage eff luent are analyzed for copper and 

chromium with a Mode l 306 Perkin Elmer atomic-absorption spec trophotomete r .  

Aliquots o f  these composites are also analyzed for cadmium, iron, lead, 

nickel, silver, zinc, and fluor ide . 

A monthly composite of Laboratory sewage effluent is prepared by 

combining 500-mt rtaily samples. Following each 500-mt addition, the 

solution i s  evaporated with HN03 to approximately 100 mt. After 

compos i t i ng is complete and organic matter has been destroyed by HC10 4 and . 

HN03 treatments, the sample is evaporated to near dryness . The residue is 
taken up in about 30 mt of deionized water , is f i l tered through a s i ntered 

glass funnel, anrt any fil ter residue is discarded . The f i l trate is made up 

to 100 mt in a volumetric flask. 

Standards and Calibration 

�he atomic-absorption spectrophotometer is cali brated with solutions of 

the metals or compounds of the metal of interest. This spectrophotometer i s  

zeroed with deionized water and i s  calibra ted with standards. D i lution of 

stock solutions and the monthly composite may be necessary to obtain 

readings within the spectrophotometer ' s  linear response region. Following 

calibration, the monthly compos i te sample is aspi rated into the flame, and 

concentrations are read out directly. 

Precision Checks. The monthly compos ite sample is used to prepare four 

d i lutions. The f i rst dilution provides a concentration near the limit of 

sensitivity; two dilutions provide intermediate concentrations; and the 

fourth provides a concentration near the upper limit of the spectropho

tometer ' s  linear response region . To reflect maximum interference, they are 

analyzed in order of highest concentration, lowest concentration, and then 

by the two intermediate concentrations. This set of measurements is 

repeated seven times, and the average and standard deviation for each 

concentration are recorded . 
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Checks. Using the monthly composite, accurace checks are 

performed by adding known amounts of the metal of interest to the low and 

intermediate concentrations . The amount of metal added to the low 

concentration is designed to double in concentration, and the amount of 

metal added to the intermediate concentrations is sufficient to result in 

concentrations that are within 25% of the upper limit of the spectro

photometer ' s  linear response region. As in the precision measurements, 

seven replicate determinations are made at each concentration, and accuracy 

is expressed as percent recovery based on the average recovery of the seven 

replicates. 

Fluoride Measurements 

Fluorides in LLL sewage effluent are determined with a specific 

ion-electrode measurement. Daily additions of 100-mi aliquots of sewage 

effluent are used to prepare a monthly composite sample. This composite 

sample is stored in a plastic bottle, and no chemical treatment or 

evaporation is employed . At the end of the month, an aliquot of the 

composit� samplP. is analyzed for fluorides with an Orion Model 401 specific 

ion meter equipped with a lanthanum fluoride electrode. Precision and 

accuracy measurements are conducted quarterly in a manner similar to those 

described for metals in the "Nonradioactive Metals and Fluorides" section on 

precision and accuracy checks above. 

VEGETATION ANALYSIS 

Frozen vegetation is transferred to freeze-drying equipment ,  and a 

10-um vacuum is established. Recovered water is collected in a receiver 

chilled with dry ice and Dowanol (dipropylene methyl ether) • The vacuum is 

checked periodically, and dry ice is added as needed over a four-day 

period. Liquid scintillation counting is then used to analyze an aliquot of 

the recovered water for tritium content. 

Standards and Calibration 

See the "Air Analysis" section on standards and calibration for HTO. 
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APPENDIX 28 

SIT! SEISMIC SAFETY PROGRAM 

INTRODUCTION 

The mission of the Site 5eis•ic Safety Progru (SSSP) , vtlich began in January 1979, is to 

identify and characterize geologic hazards at the Lavrence Liver11e>re National L&boratory (Ll.HL) site. 

Primary emphasis is placed on earthquake hazards in the Liver11e>re Valley. In addition to 

characterizing the hazards, a specific objective of the SSSP haa become to provide input to the 

Geology, Seismology, and Groundvater Hydrology sections of the final Environ11ental Impact Statement 

(BIS) for the LLNL site. Specific questions about some of theae sections of the draft EIS were raised 

during public hearings in April 1979. 

The Hearing Board Statement discussed those critical iaauea requiring 1110ce attention. It 

identified five naajor areas that need to be considered by the Site Seis•ic Safety Program: 

l .  Re-evaluation of the surface-rupture potential. 

2. Re-evaluation of surface and subsurface geology (including definitidn of bedrock ) .  

3 .  Improved seis11e>tectonic model. 

4 .  Determination o f  design-basis earthquake . 

5 .  Independent review. 

Areas 1 ,  2 ,  3 and 4 require both a reviev of all currently available geological and seismological 

intormation pertinent to the site and the generation of new inforaation. The tasks necessary to 

generate the information in each of these four areas will be outlined in the Proqru Plan. Each of 

the individual tasks will contribute infor1111ttion pertinent to more than one of the areas of concern. 

The Program is divided into t.hree phases : 

Phase I .  Preliminary Data Collection. 

Phase I I .  Hazard Characterization and Para .. terization. 

Phase I I I .  Seismic Hazard Exposure Aaaeaa .. nt. 

Each of the areas 1-4 haa specific criteria which need to be considered within the three-part 

framewor k of the work plan. 
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INVESTIGATIONS RELATING 'l'O AREA ll: 

RE-EVALUATION OP THB SURFACE-RUPTURE POTENTIAL 

The re-evaluation of surface rupture potential will require thorou9h investi9ations of faults 

hypothesized to pass throu9h the LI.NL site. I t  will be necessary to determine , first, whether faults 

ace in fact present, second, whether any detected faults are active, and third, the a9e of activity on 

any faults which are identified. Direct 9eol09ical observations, trenchin9, driiling, and 9eophysical 

studies uy be used to evaluate whether a fault exists or is active. 

Althou9h the on-site investi9ation .. y verify the existence or absence of specific postulated 

fdulta, it will not provide a 9eneral fra.ework. 1le9ional investi9ations will contribute to 

identifyin9 and understandin9 those features that were previously identified as faults. The actual 

evaluation of earthquake hazard will also require the classification of re9ional fault activity. 

INVESTIGATIONS R.ELA'tING 'l'O AREA 12 : 

RB-EVALUATION OP SUR.PACE AND SUBSURFACE 

GEOLOGY ( INCLUDING DEFINITION OP BEDROCJt) 

The objectives of this portion of the SSSP should be :  

l. 00cu .. ntat1on of surface 9eol09ic data pertinent to areas containing faults which may cause 

surface rupture or si9nificant 9round 111<>tion. 

2. Identification of areas where subsurface 11ethods (i.e. 9eophysical ,  hydrologic, trenching, 

drilling) can be applied to supple111ent surface data. 

3 .  For•ulate spatial and temporal tectonic models o f  the re9ion and test the models using 

seis•ic information and data acquired frota l and 2 .  

4 .  Review step 2 (iterative process) to deter•ine i f  111<>re data can be obtained to further 

support or refine the models. 

S .  Data fro. 1-4 serve as input to the design-basis earthquake decision. 
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The tectonic models will result in a detailed characterization of the structural character (and 

hence physical character) of the valley which will serve as input to site foundation-stability 

determination and ground-motion characterization. 

INVESTIGATIONS RELATING TO AREA t3: 

IMPROVED SEISMOTECTONIC MODEL 

The formulation of an improved seismotectonic model requires estimates of current and historic 

seismic activity in and near the Livermore Valley, accurate location of earthquakes, and accurate 

determination of the source mechanisms. Geologic studies will provide a list of potential faults 

which may be identified as associated with the seismic activity, and geodetic information will 

indicate on-going deformation . Conceptual models will be evaluated computationally or by comparison 

with analogous locations. 

INVESTIGATIONS RELATING TO AREA 14: 

DETERMINATION OF DESIGN-BASIS EARTHQUAKE 

The improved seismotectonic model, accurate regional geologic mapping, and the classification of 

fault activity will be inputs to the determination of the design-basis earthquake (DBE ) .  The 

definition of bedrock is also needed for this area of investigation. 

SITE HYDROGEOLOGIC STUDY 

An aojunct of the Site Seismic Safety Program's effort to evaluate geologic hazards at the LLNL 

site is the site hydrogeologic study. The goal of this study is to determine the likelihood that a 

potentially hazardous liquid spill on site will travel through the unsaturated zone and reach the 

saturated groundwater system. Acquiring data for a detailed characterization of the hydrology of the 

LLNL site, together with laboratory and field experimentation and flow modeling, is necessary for 

evaluating the potential for groundwater contamination. This study will determine whether there ace 

any groundwater barriers to such contamination. Rydrogeologic tasks will be coordinated with the 

SSSP ' s  evaluation of faulting and subsurface characterization in the LLNL environs since both require 

extensive drilling. 
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WORJt PLAN 

I n  the following discussion we will describe the scope of work for each of the three phases of 

tne work plan, relate the work to the areas identified by the hearing board, and outline the schedule 

for completion of the program. Since certain tasks i n  the hydrology project will be directed towacd 

SSSP goals, they will be discussed i n  the scope of work for Phase I of the SSSP. 

I t  should be noted that many of the tasks have been partially or fully completed. The work 

scnedule in TaDle l will clarify the current status of the program. 

PHASE I :  PRELIMINARY DATA COLLECTION 

Deliverables 

The major pcoducts of Phase I will be: (1) evaluation of existing geological, geophysical , and 

seismological data; (2) development of a preliminary seismotectonic model of the Livermore valley; 

( 3 )  a listing of faults requiring fucther study, ranked in order of decreasing possible hazard to the 

LLNt. site according to their potential for (a) ground failuce or rupture on site and (b) possible 

strong ground shaking at the LLNt. site; (4) development of specific investigations that will be needed 

foe further study of the most likely hazardous faults; (5) establishment of an operating seismic 

observatory. Documentation of ouc work will be provided via me110randa to the Site Survey Library and 

Status Reports. 

work 

During Phase I it will be necessary to lay the ground work foe a comprehensive geological, 

geophysical, and seis1110logical investigation evaluating on-site and regional geologic conditions which 

might influence the safety of the LLNL site. These investigations will include surface and 

near-surface geologic studies, geophysical exploration, and studies of local seismology. 

Task l: Collection and of Data foe All Areas 

Substantial work in geology, geophysics, and seismology has been done in the Livermore valley and 

on the LLNL site. Documentation and interpretation of the existing work is a primary goal of Phase r .  

A bibliography o f  available reports will be prepared and copies of original reports will be 
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acquired whenever possible. A site reference library of this work will be established and maintained 

at Le.NL. Re-evaluation and re-interpretation of available ori9inal data are bein9 conducted and will 

be reported on at the conclusion of Phase I .  

Additionally, ex1st1ng hydroqeoloqic information compiled by the Alameda County Flood Control and 

Water Conservation District Zone 7 will be gathered and evaluated ( e . g . ,  driller ' s  loqs, 

we!l-mon1toring records, and hydroqraph s ) .  Local private wells, i n  addition to county observation 

wells, will be considered. Wells involved with the Hazards Control Water Quality Monitoring Proqram 

will receive special attention to enable further interpretation of later LLNL well-monitoring 

results. Evaluation will result in the construction of geologic cross-sections and potentiometric 

surface maps in areas of concern. 

Task 2 :  Initial Data Collection to Surface Potential 

A first priority in the site survey is the determination of the possible hazard due to surface 

rupture on the Laboratory site. Therefore, the first sta9e of surface geological and geophysical 

exploration will be investigation of faults which prior researchers have postulated and/or 

extrapolated onto the LLNL site. Sur face and near-surface geoloqic investigations will include 

trenching of proJected traces of the Las Positas, the Corral Hollow , the Doutherty, and Tesla faults. 

Geophysical investigations will include the evaluation of a possible intersection of Las Positas and 

Tesla faults using resistivity, self-potential (SP) , small-scale-seismic refraction, and magnetic 

metnods. 

This Task will also include the completion and joint interpretations of LLNL and prior 

investigators '  magnetic data, and the evaluation of the diagnostic capability of various geophysical 

tools for on-site faults and for regional mapping. Upon completion of this work, a report will be 

prepared. 

Task 3 :  of Database 

Tnis task requires the establishment of a seismic observatory capable of accurate, rapid location 

and analysis of earthquakes within 20-30 km of LLNL. Durin9 Phase r we are installing 3-componen t  

seismic stations i n  the Livermore Valley and au9mentin9 this with data from nearby U . S .  Geoloqical 

Survey (OSGS) s1n9le-component stations. Initially, 7 stations are bein9 installed by the USGS under 

contract to LLNL. In exchange for access to data from these stations, the USGS will provide LLNL with 

telemetered links to 12 of their nearby stations. Both sets of telemetered data (LLNL and USGS) will 
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be digitized in real time, and seismic events will be recorded directly onto digital tapes allowing 

for sophisticated post-event processing. Combining the data from both LLNL and USGS stations with the 

digital analysis capabilities of the seismic monitoring group will allow us to determine the locations 
' 

ana mechanisms of local earthquakes with significantly higher accuracy than has heretofore been 

obtained. LOcation accuracy in critical areas should be on the order of !0.5 km as opposed to ±2-5 km 

before the establishment of the observatory. This will allow us to assign the activity to specific 

fault traces and thus delineate them and determine their status. 

Following the installation of all stations, a nulllber of high-explosive calibration shots will be 

conducted to determine the time corrections for each station. The execution of the calibration shots 

will be handled by the USGS under contract to LLNL. These calibration results will be applied to Task 

8 ,  relocation of USG.S-determined epicenters for the time period 1969 to the present. 

Task 4 :  Regional 

Upon completion of initial on-site geological and geophysical investigations , field work will be 

extended to include interpretation of remote-sensing and aerial photo imagery, field reconnaissance , 

and analysis of existing geophysical data on a regional scale. The existing geodetic data will be 

evaluated and extended to help determine strain rates in the local area. Another major element of 

these investigations will be establishing age relationships of the Quaternary units. This work will 

be limited to the areas that are necessary to characterize the geologic hazards to LLNL operations and 

will be coordinated with the initial analyses of the seismic data. Studies necessary to accomplish 

these tasks are: 

(l) Detailed field mapping will be carried out in areas south and east of the laboratory where 

relatively good control of the locations of the Greenville, Carnegie, Tesla, Las Positas, 

Corral Hollow , and other faults can be obtained. Mapping will include documentation of 

outcrop locations, structural information, and inferences based upon remote sensing and 

aerial photo imagery. Preliminary fault locations will be determined based upon these data. 

(2) Existing geophysical data will be compiled and analyzed to evaluate the potential of various 

geophysical methods for identifying fault locations. Pertinent methods will be employed to 

extend fault locations defined in l ,  beneath the valley alluviUlll . 

(3) Other available regional data, including drilling data and hydrologic data, will be 

incorporated with l and 2 to help formulate the regional tectonic characterization. 
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( 4 )  Data acquired in 1, 2 ,  and 3 will be compared with seismic evidence to identify locations of 

active faults. 

Task 5 :  On-Site 

The on-site drilling portion of the geological field investigations is an exploratory program and 

will be integrated with the drilling for the site hydrogeological investigations. The drilling 

program will seek possible marker horizons which might be used to trace subsurface structures across 

the Laboratory site and obtain geotechnical data bearing on the potential for ground failure at LLNL 

during a major earthquake. 

Task 6 :  Data and Evaluation 

An important part of the task is the determination of a hazardous spill potential frOlll the 

evaluation of data on (l) credible accident estimates, (2) annual environmental lllOnitoring at LI.NL, 

(3) actual release occurrences, (4) past, present, and future locations of contaminated waste-holding 

tanks, pipelines, and transportation routes, and (5) chemical and radiocbemicai characteristics of 

liquid wastes and experimental materials. The data, to be obtained frOCD the Hazards Control 

Department, should establish the possible locations, estimated volU111es, times of release, and chemical 

makeup of potential contaminating liquid spills. 

In addition, hydrologic characteristics of local soils, including ion-retardation factors and 

solute-migration characteristics for radionuclides or contaminants , will be reviewed. Locations of 

natural, enhanced (arroyo or storm sewer ) ,  and retarded (paved or otherwise protected) recharge areas 

will be determined . 

Task 7: Site Drilling Program 

In conjunction with Task 5 ,  on-site geologic drilling, wells wili be completed on site to a depth 

of about 2 5  feet below tbe water table (estimated to be between 55 and 90 feet ) .  Drilling locations 

will be selected to represent enhanced as well as natural recharge areas. Locations will also reflect 

probable spill sites determined as outlined in Task 6. At appropriate intervals samples will be taken 

foe subsequent testing, stratigraphic control, and soil 1110iature and tritium analyses. Geophysical 

logs of the wells will complement stratigraphic analysis. Hydraulic head fluctuations in selected 

wells will be monitored foe several years. Water table configurations will be drawn from resulting 

data. 
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To investigate the saturated zone one or more water wells, approximately 300 feet deep, will be 

completed on site and tested to determine the effective porosity, hydraulic conductivity, and 

dispersivity. Water-quality monitoring of these wells will be added to the study of the shallower 

wells. All water-quality monitoring will eventually be incorporated into Hazard Control ' s  continuing 

environmental monitoring program. Due to the time necessary for these measurements, this task will 

continue beyond Phase I .  I f  it i s  determined that movement o f  contaminants to the saturated zone is 

likely, a simulation of contaminant transport would be undertaken. 

Task 8 :  Seismotectonic Model 

By the end of Phase I, a preliminary velocity structure for the Valley will be determined, daily 

seismicity will be recorded and located using this model, and a preliminary seismicity map will be 

prepared for the period 1969 to the present. Focal mechanisms will be determined for select�d events 

and will be combined with preliminary results of the regional field investigations to produce a 

preliminary seismotectonic model. 

Task 9: Motion Instrumentation 

Phase I will also include the planning, procurement, and installation of equipment for a 

strong-motion accelerograph network. This accelerograph network is intended to augment the seismic 

network to provide site-specific free-field and building acceleration response information that can be 

used in engineering studies. The proposed system is a digital recording system with a "pre-event 

memory• to provide complete acceleration records that include the first arrivals. The combination of 

such acceleration records with information on seismic activity from the Seismic Network should provide 

as complete a basis as is possible for predicting future ground motion at the LLNL site. 

Task 10: Classification of Fault Activity 

To complete Phase I, all features that have been identified as being tectonic faults must also be 

classified according to their degree of potential activity. This classification is only intended to 

provide guidelines for setting priorities for further studies in Phase II. 

For the purposes of setting Phase II priorities, we have defined three activity classes for 

faults. In Phase II, faults in the different classes will require different levels of field 

investigation as input for the complete characterization of potentially damaging eart.hquakes. The 
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three classes are active, indeterminate, and inactive. The indeterminate classification is fur·l:her 

divided into potentially active and uncertain activity subclassifications. The activity 

classifications, their definitions, and projected further studies for Phase II are outlined in Table 2 .  

TWo criteria dominate the classification scheme . For rupture, only faults crossing the site need 

detailed study; for shaking, only the most hazardous faults or fault zones need be investigated in 

detail. 

Figure l outlines a decision tree for determining whether or not a feature requires further study 

in the assessment of ground-shaking potential; and, if so ,  what observables are needed . This tree is 

baaed on the classifications and criteria in Table 2 .  

Task 1 1 1  Phase II Program Plan 

During the completion of Phase I studies for each of the tasks, a program plan will be developed 

for Phase I I .  This plan will outline the specific investigative tasks needed for characterization of 

the faults classified in Task 10. 

Task 12: and Peer Review 

During the completion of each of the above tasks, informal independent review will be obtained by 

conducting the work in an open manner and inviting qualified representatives of local., state, and 

federal agencies to inspect field sites such as exploratory trenches. Formal peer review is provided 

for by contractual arrangement with WOodward-Clyde Consultants (WCC) . In addition to inspection of 

field sites, wee wil.l. formally review all LLNL Phase I studies and document these inspections 3nd 

reviews. 

In order to establish an additional independent review, wee will prepare a list of possible 

llM!llll:>ers of a broad-based independent review panel. This list will be submitted by wee to the 

California State Seismic Safet.y Commission (CSSSC) . The CSSSC will be requested to make additions and 

deletions and return to wee a list of approved independent reviewers. From this approved list, wee 

will empanel an independent review board, following the guidelines of the Independent Review Committee 

Of the CSSSC. 
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Table 2. fault activity on available data ( from Cluff et al.)
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PHASE I I :  HAZARD CHARACTERIZATION 

ANO PARAMETERIZATION 

Deliverables 

Phase II is intended to supplement Phase I data as needed to determine the seismic hazard 

exposure at the LLNL site. The products of this Phase are the final data base and analyses needed for 

the characterization of potential ground failure and rupture : and the characterization of potential 

ground shaking as a function of earthquake magnitude on the most significant faults. Each of these 

characterizations proceeds from a set of observable quantities or directly inferred characteristics 

(such as fault length or recurrence rate) through a characterization methodology to the final 

parainetecization of the hazard. These procedures are outlined below. 

Task 1: Characterization of Potential Ground 

The characterization of potential ground rupture involves investigations which ace confined to an 

area on the LLNL site or very nearby . This is the area in which the occurrence of such an event could 

affect LLNL· facilities either as a result of ground displacement or permanent changes in ground 

level. The methodology is outlined below. 

Observables: Geomorphic features associated with active faults; e . g . ,  disrupted drainages; 

enclosed depressions; spring lines; mole tracks; "lineaments•; disruption of young 

strata as revealed by trenching , mapping, or geophysical surveys; historic surface 

faulting or creep; associated seismicity; changes in geodetic measurements. 

Seismic Source: Amount and sense of movement. 

Characterization of Possible 

Potential Ground Rupture: Locations of possible rupture, offsets, recurrence intervals. 

Although in favorable circumstances it may be possible to estimate recurrence intervals foe a 

given fault segment, success cannot be assumed . Therefore, probabilities will most likely only be 

determined in general terms, such as high, moderate, or low. 
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of Work. At the end of Phase I ,  mapped faults will have been classified accord ing to their 

probable activity and will have been prioritized for further study under this task. Any faults 

identified in Phase I that cross the site will be evaluated in more detail by the examination of young 

geologic strata for evidence of faulting. This examination may include additional trenching, 

drilling, surface mapping, or geophysical surveys. 

Task 2 :  Characterization of Ground 

The flow chart in Fig. l highlights the methodology used in characterizing strong ground shaking 

at the site. 

Observables : Some or all of the following: time and size of last motion, recurrence rate, slip 

rate, fault length, seismicity, location . 

Seismic source: Magnitude, moment, radiation pattern. 

Path Effects/Site Response: Soil damping, attenuation. 

Characterization of Ground Shaking: Amplitude, duration, frequency content. 

of Work. The input needed for the characterization of the DBE depends upon the choice of 

the speci fic methodology used to assess the earthquake ground-moti:on parameters. The parameters that 

are generally construed to be of engineering significance include peak values of ground motion 

(acceleration, velocity or displacement) ,  spectral content, and duration of strong ground shaking. 

However, it is generally agreed that earthquake ground motion parameters are affected by source 

factors, path effects and local conditions as outlined above. Thus, the observables are, in the main, 

similar for all methodologies. To evaluate the characterization of the DBE, we will initially use a 

deterministic, empirical attenuation approach , which is suitably site-specific. Determination of 

empirical attenuation approaches involve the estimation of the maximum credible earthquake via the use 

of observed rupture-length ( Lmax> versus Magnitude (M) relations. The ground motion at the site is 

then determined using the maximum magnitude {H
max

) '  the distance (R) of the causative fault, and 

typical observed attenuation relations which estimate peak ground motion values depending on M
max 

and R. Por conservatism, the maximum credible ground motion i s  taken to be the mean value of this 
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relation plus one standard deviation. This approach has been the traditional means of determining 

OBE ' s  and is the approach reported on in the EIS. This approach will be used for consistency , both to 

assess the relative significance of sources and as an element of the final design process. 

Howeve r ,  new :near-source • observations have prompted a rapid evolution in the state of the art 

with respect to estimating strong�round-motion parameters. Considerable controversy surrounds the 

determination of Lmax and its relation to M
max

· Probablistic analyses of both the probable source 

characteristics and the probable ground motions are gaining wider acceptance, and will be incorporated 

into the determination of the DBE. The completion of Phase I I  will require both empirical and 

computational estimates of the strong-motion parameters of the DBE. 

PHASE I I I :  SEISMIC HAZARD EXPOSURE ASSESSMENT 

Deliverables 

The deliverables for the final seismic hazard exposure assessment will be: (l) report on 

assessment of surface rupture and ground failure potential on site, ( 2 )  report on assessment of DBE 

parameters, (3) report on assessment of seismic exposure, and (4) geologic, seismologic and 

hydrogeologic reports. 

of Work 

Phase II is essentially an interactive process and may require the acquisition of data beyond 

that developed during Phase I .  When the characterization is deemed sufficient, the hazard asses&IQents 

can be made . Phase III will consist of the completion and documentation of these final assessments, 

the final review, and the preparation of the reports. 

Surface Potential 

The evaluation of surface rupture potential will be reported on in Phase· III.  This evaluation 

will be assessed by t.he review panel and their critique will be included in the final project report· 

All initial assessment of existing geotecbnical data for alluvial deposits underlying LLHL indicates 

that the ground-failure potential is low to negligible. However, the final program report will 

include an assessment of the potential for liquefaction and related ground failures at LLHL based on 

criteria such as those developed by the USGS. With the exceptions of landscaping areas, the banks of 

open drainage ditches, and the Arroyo Seco stream channel, slopes within the LLNL site do not exceed 
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three percent. Slope-stability problems have not been experienced at LI.NL. The final program ceport 

will include a brief assess111ent of any potential hazard of on-site slope stability. 

Determination of Parameters 

The final determination of the parameters descr ibing the DBE will be reported on in Phase I I I .  

This determination will also be submitted to the review panel and their critique will be included in 

the final program report. 

Seismic 

Based on the parameters obtained , a Seismic Exposure Analysis will be undertaken and reported on 

in Phase I I I .  

Reviews 

Phase III will also include the final technical review by wee of the overall program, and a 

comprehensive technical review of the program by the Independent Review Panel . The content of these 

reviews will be included in the final program report. 

and Publication of 

Following the review procedures mentioned above , the pertinent results and interpretations of the 

SSSP will be published as a separate report. 
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APPENDIX 2C 

SURFACE WATER HYDROI.OGY 

1. INTRODUCTION 

2 
The Lawrence Livermore National Laboratory occupies 2.6 km at the eastern end of the Livermore 

Valley . The site slopes southeast to northwest from an elevation of 200 to 170 m MSL. Figure l shows 

the location of the Site, plus the topography and local natural drainage channels. 

2. HYDROI.OGIC DESCRIPTION 

Four water systems should be considered because of their potential hydrological effect on the 

Laboratory site. These are: ( 1 )  treated water, ( 2 )  storm water, (3)  the south Bay aqueduct ,  and 

( 4 1  the eel Valle Reservo i r .  

2 . l • TREATED WATER 

The Zone 7 water treatment plant, which provides water for the City_ o f  Livermore ,  is located just 

east of the Laboratory. The 0 . 68-m pipeline (welded steel pipe) from the treatment plant crosses the 

northern boundary of the Laboratory and runs parallel to the Arroyo Las Positas on its way to 

Livermore. A 0 . 3-m water line has been tapped into the zone 7 pipeline to provide an emergency water 

supply. 

The Ketch Hetchy Aqueduct, which provides treated water for the City· of San Francisco , is located 

approximately 11 km southwest of the Laboratory. LLNL receives all of its treated water from this 

source . water is pumped from the aqueduct (elevation 110 m) to two steel holding tanks (elevation 

3 
373 m) that each have a storage capacity of 7 9 . 5  m . water from the storage tanks then flows 11 km 

down the Arroyo Mocho canyon to storage tanks at the LLNL site. The first 9 . 6  km of pipeline are 

0 . 25-m, class 250 cast iron pipe, while the last mile is 0 . 4-m ductile steel pipe. 

2 . 2 .  STORM WATER 

Laboratory storm water is channeled through storm sewers and open ditches that are designed to 

accommodate a 10-yr flow. Open dll:\.!11es are used in undeveloped areas of the Laboratory site. Most of 
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the storm water is directed north to the Arroyo Las Positas, with a very small percentage flC>wing to 

the southwest corner into Arroyo Seco. 

2 . 3 .  SOUTH BA¥ AQUEDUCT 

The South Bay Aqueduct begins at the Bethany Reservoir near Byron, California. Water is pumped 

from Bethany Reservoir to an elevation of about 2'40 m MSL. From there, the water flows through the 

aqueduct by gravity to Santa Clara County through a series of pipelines and open canals. The aqueduct 

is an open channel as it crosses the eastern edge of the Livermore Valley at just about the 210-m 

contour line. Maximum flow in the aqueduct is 8 . S  m
3

/s with the average running 7 . 1  m
3

/s. 

Siphons wec e used in crossing the major streams in the Valley, i . e . ,  Arroyo Seco and Arroyo Hocho . 

Users of the South Bay Aqueduct include the Alameda County portion of Zone 7, Alameda County, and 

Santa Clara County. Zone 7 is the only user of the water in the Livermore Valley. The water is used 

to recharge groundwater by releasing it directly from the canal to the Altamont Creek, from where it 

flows into the Arroyo Las Positas. Groundwater recharging is also obtained by releasing water from 

the Del Valle Reservoir to the Arroyo Del Valle. Water is also used to supply the Zone 7 treatment 

plant located northeast of the Laboratory. 

2 . 4 .  DEL VALLE RESERVOIR 

Del Valle Reservoir ; - located on the Arroyo Del Valle just above and southeast of the U . S .  

Veterans Administration Hospital, and i s  approximately 6 0 0  m upstream from the South Bay Aqueduct. 

The dam is an earthfill embankment rising 68 m above the .stream bed. Total capacity of the reservoir 

oenind the dam is approximately 9 . S  x 10
7 

m
3

• The reservoir is a multipurpose facility providing 

water conservation , flood control, and recreation. Normally, Del Valle Reservoir has about 2 . 5  x 

10
7 

m
3 

of water in the winter and 4 . 9  x 107 m
3 

in the summe r ,  leaving room for at least an 

additional 4 . 6  x 10
7 

m
3 

for flood control. Drainage area above the dam is about 381 km2• 

Surface areas of the reservoir for two di fferent volumes are: 

� 
9 . 5  x 10 

7 
m

3 

4. 9 x 10 
7 

m
3 

Surface Area 

4 . 3  km
2 

2 . 9  km2 

A 1 . 5-m pipeline carries water from the aqueduct to the pump house at the bottom of the dam. Water is 

then pumped into the reservoir and held until needed. Tunnels through the dam are used to release 

water for conservation and flood control. The conservation tunnel is also used to pump water into the 
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reservoir. Five valves are located at varying elevations on the dam to release water. The flood 

control tunnel has two gates and a morning-glory spillway. 

3 .  HYDROSPHERE 

Alameda Creek drains a portion of the coastal mountains, located on the eastern side of the 

southern arm of the San Francisco Bay, for a total watershed area of 1800 km
2

• The two main 

tributaries to Alameda Creek are Arroyo de la Laguna and Calaveras Creek which drain approximately 

llOO km
2 

and 260 km
2

, respectively. 

The main drainage streams for the Livermore Valley are Arroyo del Valle, Arroyo Las Positas, 

Arroyo MOcho , Arroyo Seco , Cottonwood Creek, and Tassajara Creek. All streams flow west with the 

exception of Cottonwood and Tassajara Creeks, which drain the hills north of the Valley and flow 

south. Cottonwood Creek and Arroyo Seco converge with Arroyo Las Positas which flows into Arroyo 

MOcho at the western end of the Valley along with Tassajara Creek. Arroyo del Valle and Arroyo Mocho 

converge with Arroyo de la Laguna at the extreme western end of the Valley . Until recent geological 

times, all drainage from the Valley flowed north through San Ramon Valley to Suisun Bay. Now the 

drainage flows through Niles Canyon via Alameda Creek. 

All the arroyos and creeks in Livermore Valley are dry during most of the year and have water 

flow in them from October to April, which constitutes the typical rainy season. Arroyo del Valle and 

Arroyo Mocho have the largest drainage basins in the Valley and have caused more flooding than have 

other streams. Consequently, more data exists on these two streams than on others. However, since 

only Arroyo Las Positas and Arroyo Seco could directly affect the Laboratory, comments will be 

directed at these two arroyos . 

3 • l. AR.RO lCO LAS POS ITAS 

The Arroyo Las Positas watershed is in the northeastern and eastern hills above the Valley 

floor. The only part of this basin that directly affects the Laboratory is the bills directly to the 

east. This basin is about l3 km
2 

in area and 5 . 6  km lonq . Several smaller streaa1s converge in the 

hills and on the flood plain east of the Laboratory. All semblance of streams is lost until a channel 

is formed along the eastern and northern boundary of t.he Laboratory. 

In December 1971, the USGS installed a gauging station at the northwest corner of the 

Laboratory. This is the first to be installed on Arroyo Las Positas. 
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3.2. ARROYO SECO 

The hills southwest of the Laboratory form the basin for the Arroyo Seco. This basin is about 41 

km in area and 19 km long. The channel is well defined, and cuts across Sandia Laboratory just to the 

south of the Laboratory. Arroyo Seco then cuts across the southwest corner of the Laboratory on its 

way to Arroyo Las Positas. 

4. l. HISTORY 

4 .  FLOODS 

Numerous floods have occurred on Alameda Creek since records of stream flow were started in the 

1890s. Flood years with the associated peak discharges as measured on Alameda Creek near Niles are 

listed below . The flood of 1955 would have been the largest in recorded history, surpassing the flood 

of 1911, had not Calaveras Reservoir impounded all the flood water from Calaveras Creek. 

Peak m
3

/s 

November - 1892 382 

January - 1895 419 

March - 1907 462 

January - 1909 354 

March - 1911 807 

January - 1914 208 

February - 1938 297 

November - 1950 428 

January - 1952 580 

Deceiaber - 1955 657 

April - 1958 558 

Since the floods of 1955 and 1958 were so completely documented by the Corps of Engineers, data on 

these two floods were used in developing much of the material for this section. During the 1955 and 

1958 floods, damage in the Livermore-Amador valley was mostly at the western end where the Arroyo de 

la Laguna went over its banks and caused extensive agricultural damage . Water depth in the flooded 

area was 0 . 3  to 1 m .  Damage at the upper end of the valley was due primarily to the Arroyo del 
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Valle cutting into an existing road alongside the stream. The Corps of Engineers makes no mention 

in their documents of either the Arroyo Las Positas or Arroyo seco leaving their banks. 

4.2. FLOOD DESIGN CONSIDERATIONS 

S ince the floods of the fifties, much of the Valley has changed from agriculture to residential. 

During this time, the stream channels have been enlarged to handle flood water at the lower end of the 

Valley. A reservoir with a capacity of 9 . 5  x 10
7 

m
3 

was built during the sixties to control 

flooding caused by the Arroyo del Valle in the western end of the Valley. Of the 9 . 5  x 10
7 m3 

holding capacity, 4 . 6  x 10
7 

m
3 

is for flood control. 

4. 3 .  FLOODING AT THE SITE 

Flooding of the Laboratory site could occur only if the Arroyo Las Positas and Arroyo Seco 

overflowed during a severe storm. For this study, this is assumed to be caused by the probable 

maximum precipitation for the two basins that is developed below. 

Actually, Arroyo Las Positas flow and overflow would have no effect on the Site, affecting only 

the eastern corner and northern portion of LI.NL. However , assuming the Arroyo Seco left its banks 

south of the Laboratory during the postulated storm, this would give the overflow water an elevation 

of 189 to 198 m. The flooding would be a sheet flow moving north across the Laboratory, using the 

existing streets as channels. Water depth would not exceed 15 mm, and would flow fairly fast. This 

would last only until the peak of the storm had passed. Since there is about an 18-m drop from south 

to north across the Laboratory, the water �ould not pond until it met the Western Pacific Railroad 

bank , where it would then flow to the west. 

5 .  PROBABLE MAXIMUM PRECIPITATION 

This section presents data and assumptions used in developing the probable maximum precipitation 

(PHP) for the Arroyo Las Positas and Arroyo Seco. The PMP for the Arroyo del Valle can be taken 

d irectly from data used by the Corps of Engineers in their study of Alameda Creek. This is found to 

be 0 . 6 1 2  m over a 72-h rainfall period for the area above the dam which has a drainage area of 386 

km
2

• The data were prepared by the Hydcometeorological Section of the U.S. Weather Bureau for the 

Corps of Engineers during 1957. 
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5.1. PRECIPITATION STATION AND RECORDS 

There are two U.S. Weather Bureau precipitation stations in the vicinity of Livermore Valley. 

These include the one on Mt. Hamilton (Lick Observatory) and the one in the City of Livermore. 

Continuous records have been kept at these two sites since 1870 (Mt. lfaJlliiton) and 1881 (Livermore) . 

Rainfall extremes for the two areas vary from l.47 m at Mt. Hamilton in 1883-1884 to 138 111111 at 

Livermore during 1975-1976. 

5.2.  MAJOR STORMS 

The U.S. Weather Bureau indicates that for this area effective rainfall contribution to a flood 

during a storm occurs within a 72-h period. The three most severe storms on record listed in Table l 

illustrate the maximum rainfall that has occurred during approximate 72-h periods. 

5.3.  PROBABLE MAXIMUM STORM 

Probable maximum precipitation was developed for the Arroyo Las Positas and Arroyo Seco above the 

Laboratory uaing "Hydrometerological Report No. 36"
1 

which presents criteria for estimating PMP over 

basins above prospective flood control structures in the Pacific drainage of California. The PMP was 

prepared for orographic and restricted convergence storms separately and then combined for comparison 

with an unrestricted convergence storm. Because of the small area of the basins and small amount of 

rainfall resulting from the orographic storm, PMP was also prepared for an unrestricted convergence 

storm (see Tables 2 and 3 and Figs. 2 and 3) . Snow melt would have no effect on PMP for this area. 

6 .1. ANTECEDENT PRECIPITATION 

6. FACTORS AFFECTING PRECIPITATION LOSS 

Since PMP was developed for the wet season , antecedent precipitation would be high. Before the 

storm of Apr il 1958, the antecedent preciptiation at the Laboratory site was 114 mm during March. 

Total precipitation at the U.S. Weather Bureau Station in Livermore five days before the December 

storm of 1955 was 3 3  111111. 

2C-7 



tv (") 
I 

GD 

< (") 
E 

I 
4> 
f!> 0 ...c 

100 400 3 80. I m '/s 
- maximum discharge 300 

25 

0 12 

E E 

24 36 48 

200 
0 0 12 ·24 36 48 60 

Probable maximum precipitation 
Based upon combined orographic PMP and restricted convergence PMP {Month .km . )  
Area - 1 3  km 2 

Time of concentration (TC) - 5 .24 h 

72 84 96 108 120 
Time - h 
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Table 1. Major stor11111 . 

Rainfall 

Date Station l 2 3 4 Total 

11-14 January Mt. Hamilton 58.2 65.5 33.0 36.l 192.8 

1911 Livermore 17.8 63.5 45.5 65.8 191.3 

21-24 December Mt. Hamilton 5 . 3  104.l 174.S 6.6 290.6 

1955 Livernaore 0.8 19.0 82.8 49.0 151.6 

l-3 April Mt. Huailton 25.4 38.l 30.5 o.o 94.S 

1958 Liver111e>re 17.8 3.0 45.7 o . o  6 6 . S  

LI.NL Sitea 19.3 2 . 3  42.9 o.o 64.5 

a 
The LLNL aite rain gauge waa inatalled on Pebruary 28, 1958. 
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Table 2 .  Probable maximum precipjtation Arroyo Las Positas accumulated unrestricted PMP i n  mm .  

Duration (H) 1 3 6 12 18 24 30 36 42 48 54 60 66 7 2  

Oct. 95.0 157 . 5  205.7 253.5 284.2  306.3 324.4 3 39 . 9  354.1 368.3 379.7 391.2 401.3 411 . 5  

Nov. 86.4 140.5 186.2 240.3 2 7 5 . 1  300.7 321 . 3  339 . 3  355.9 370.l 383.0 396 .0 408.9 421.9  

Dec . 7 5 . 7  128.5 169.4 224.8 263.4 290.3 313.4 334.0 350.5 366.0 380.2 394.5 407.4 420.4 

Jan. 70.9 119.4 160.3 219.2  259.1 286.0 309.9 330.5 348.5 365.0 380.5 394.5 408.4 422.4 

Feb. 7 0 . 9  119.4 160.3 219 . 2  259.l 286.0 309 . 9  330.5 348.5 365.0 380 . 5  394 . 5  408.4 422.4 

Mar. 7 3 . 4  120.6 163.1 223.5 262.l 291.6 3 1 5 . 5  336.0 352.6 366.8 379 . 7  392.7 404.l 415.5 

Apr. 7 4 . 7  127 . 5  167.1 2 2 5 . 0  263.7 293 . 1  316.2  334.3  349.8 362.7  374.1 385.6 395.7 405.9 

Table 2 .  (con t ' d ) .  Combined orographic PPM and restricted convergence PPM (mm). 

"' Duration (H) 1 3 6 12 18 24 30 36 '42 '48 54 60 66 72 () I ..... ..... 

Oct. 7 5 . 9  131. 3 178 . l  233.9 27'4.  6 306 . 3  333.0 356.4 377.4 397.0 413.3 '428.8 442.0 454.9 

Nov. 69.6 118.4 164.l 223 . 8  269 . 5  304 . 3  333.2  358.6 381.5 401.3 418.8 435.4 450.8 465.8 

Dec. 6 2 . 0  110.0 152.4 215.4 263.l 299.7 331.0 358.9 382.5 403.6 422.'4 440.2 455.9 470.9  

Jan. 58.2 103.4 146.3 212 . 3  261.4 300.0 332.2 360.4 385.1 407 . 2  427.2  445.0 461.8 477 .8 

Feb. 58.2 103.4 146.0 212.3  261.4 300.0 332.2 360.4 385.1 407.2 4 2 7 . 2  445.0 '461.8 477 . 8  

Mar. 59.9 103.6 146.8 213.1  260.1 2 9 7 . 9  329.4 357 . 1  380.2 400.3 417 .8 43'4.6 449.3 463.3 

Apr. 60.2 107 . 4  147.6 210.l 255.5 292 . l  321.8 346.2 367.5 385.6 401.6 416.6 429 . 8  4 4 2 . 2  

42 54

75.9 377.4



Table 3 .  Probable maximum precipitation Arroyo Seco accumulated unrestricted PMP (nun). 

Duration (H) l 3 6 1 2  18 2lt 30 36 lt 2  lt 8  54 60 66 72 

Oct. 92 . 5  153.4 201.9 248.2 278.9 300.7 318.5 33lt .0 348.2 361.2 372.6 384.0 394.2 404.4 

Nov. 83 . l  1 3 5 . 9  181.9 235.5 270.3 295.9 316.5 33Lt.3 350.8 365.0 378.0 390.9 403.9 . Ltl6 . 8  

Dec. 7 3 . 2  1 2 lt . 2  166.9 221.  7 260.1 287 . 0  309.9 330.5 347.0 362.5 376.7 390.9 403.9 416.8 

Jan. 68.8 116.1 158.2 217.2 257.0 286.5 310.9 331 . 5 349.2 365.8 381.3 395.5 409.7 423.9 

Feb. 68.8 116 . l 158.2 217.2 257.0 286.5 310.9 331. 5 349.2 365.8 381.3 395.5 409.7 423.9 

Mar. 68.8 1 1 8 . 4  160.5 221.0 259.6 289.1 313.4 334 .o 350.5 366.8 379.7 392.7 Lt04 .1 4 1 5  . 5  

Apr. 7 1 .  9 9 9 . 6  169.7 227.3 265.9 295.lt 318.3 336.0 351.5 3 M .  5 375.9 387.3 397.5 lt 0 7 . 7  

Tabl e  3. (cont ' d ) .  Combined orographic PMP and restricted convergence PMP in nun. 

"' (') 
Duration (H) l 3 6 12 18 24 30 36 4 2  48 54 60 66 72 

"' 
Oct. 7 4 . 2  1 2 8 . 0  174.2 2 2 9 . 1  269 . 7  301.5 328.2 3 5 1 . 5  3 7 2 . 6  3 9 1 . 2  407 . Lt  lt22.9 436.4 449.l 

Nov. 67 . 3  115 . 3  161.0 222.2 259.6 294 . 4  323.3 348.7 371.6 391.4 408.9 425.5 440.9 455.9 

Dec. 59.9 106.9 150.4 2 1 3 . 1  260.9 297.4 328.7 356.6 380.2 4 0 1 . 3  420.l 4 3 7 . 9  4 5 3 . 6  468.6 

Jan. 56.4 98.6 144.3 210.6 252.6 298.2 333.2 358 . l  382.8 404.9 4 1 7 . 6  4 3 5 . 6  452 . 1  469.6 

Feb. 56.4 98.6 144.3 210.6 259.6 298.2 333.2 358.l 382.8 404.9 4 1 7 . 6  4 3 5 . 6  4 5 2 . 1  469.6 

Har. 56.4 101.9 144.8 211.l 258.1 295.9 327.7 3 5 5 . 3  3 7 8 . 5  400.0 417 .6 436.9 451.6 4 6 5 . 6  

Apr. 58.7 105.9 149.6 212.1 2 5 7 . 6  2 9 4 . 1  323.8 348.2 369.6 387.6 4 0 1 . 1  414 . 8  428.0 440.4 

54

375.9

59.9 437.9



6 . 2 .  INFILTRATION RATE 

The soils in both basins have been classified as to type by the U.S. SOil Conservation 

Service.
2 

Since they are either type C or o, infiltration rates would be very slow . Ground cover 

in the area is annual grass with about lt of perennial grass, In the Arroyo Seco basin at the higher 

elevations, there is brush and California Live Oak. 

7 .  POTENTIAL DAM PAILtJRB (SBISMICALL� INDUCED) 

If it is assumed that the Del Valle DaJI failed due to an earthquake and that at the �ame time 

Arroyo de la Laguna Canyon was closed by a seismically induced landslide, water would flow to and 

collect in the west end of the Valley. Thia is due to the difference in elevation between the Valley 

entrance point of Arroyo Del Valle (122 m MSL) and the elevation at the lower end of the Valley floor 

2 
(98 m MSL) . Total surface area of the Valley below the 122-m contour line is 65 km , more than 

adequate to collect the maximum assumed storage in Del Valle Reservoir of 4.9 x 10
7 

m
3

• Also , in 

prehistory , all water from the Valley flowed north through San Ramon Valley. Elevation at the head 

end of San Ramon Valley is currently 140 m HSL. Since the elevation of the Laboratory is between 150 

and 180 m MSL, there would be no danger to the Laboratory frOID failure of the Del Valle Dam . 

REFERENCES 

1. Interim Report, Probable Maximum in California, prepared by 

Hydrometeorology Branch Office of Hydrology (rev. October 1969) . 

2 .  SOil - Alameda California, prepared by the U . S .  Department 

of Agriculture (March 1966) . 
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APPENDIX 2D 

GROUNDWATER HYDROLOGY 

l. INTRODUCTION 

The Lawrence Livermore National Laboratory is located about 40 km east of San Francisco Bay at 

the east end of the Livermore valley . The Laboratory property occupies all of Section li, T JS, 

R 2E. This report is designed to provide a concise description of the occurrence and movement of 

groundwater near LLNL in the eastern Livermore Valley. The hydroqeologic description is based 

principally on the results of previous investigations , from which information has been freely 

cirawn.
1

•
2 

2 .  PHYS IOGRAPRY AND DRAINAGE 

The Livermore Valley is a prominent east-west structural depression within the California Coast 

Range. At the surface, the Valley forlllS an irregularly shaped lowland area about 5 km wide and 22 k• 

long . The floor of the Valley slopes to the west at about 4 11111/m from an elevation of 182 m on the 

eastern end to about 91 m near the southwestern corner. The Diablo Range and foothills border the 

Valley on the south. Elevations of this fairly rugged mountain range average l km and from it issue 

the intermittent flows of Arroyo del Valle, Arroyo Mocho, and Arroyo Seco {see Pig. 1 ) .  The hills 

east of the Valley reach to elevations of about 500 m and give rise to the intermittent flows of 

Arroyo Las Positas and Altamont Creek. Mount Diablo and its foothills provide the northern boundary 

of the Livermore vailey , and from them a number of intermittent streams drain. The intermittent 

streams that flow into the eastern Livermore Valley fr<>11 the surrounding uplands ultimately merge on 

the valley floor and drain to the west where they flow into Arroyo de la Laguna. Arroyo de la Laguna 

empties through the southwestern outlet of Livermore Valley into Ala11eda Creek which finally finds its 

way to San Francisco Bay. The streams draining into the Liver110re Valley have been transporting debris 

into it since late Pliocene time, and have deposited a coeplex body of sedi-nt in the depression 

including alluvial fan, terrace , and floodplain morpholoqies.
2 
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3 .  CLIMATE 

The climate of Livermore valley is characterized by a marked seasonal rainfall distribution. 

Host of the precipitation falls between the months of October and April: very little falls during the 

warmer months of the year. Most rainfall occurs during general winter storms that move inland from the 

coast. The average annual precipitation at Livermore is 367 mm. The actual annual evapotranspiration 

calculated by soil scientists of the U.S. Department of Agriculture
3 

for the same station is 293 mm .  

Therefore, on the average, a n  excess of precipitation exists to form sur face runoff and to infiltrate 

the soils of the region. In some areas, this infiltration apparently proceeds to the e�tent that 

groundwater recharge is affected. 

4 .  BASIN WATFR BALANCE 

Before 1962, the water needs of Livermore valley were supplied almost entirely from groundwater .  

Since 1945, recharge of groundwater has been less than total withdrawals, resulting in a general 

decline in groundwater levels.
2 

The water level in a 214-m well on the LLNL site has dropped about 

10 m since 1942. The lowered water levels have caused cessation of subsurface outflow from the 

southwestern outlet of the Livermore valley groundwater basin. This condition, coupled with reuse of 

water, has served to increase the salt content of groundwater, particularly in the central portion of 

the Livermore Valley.
2 

In 1962, the first deliveries of imported water were made to the valley 

through the south Say Aqueduct. This water importation continues as part of the effort to balance 

groundwater withdrawal with recharge. The Laboratory originally derived its water supply from two 

wells on the Laboratory site.
4 

The water for the Laboratory nO'tol comes from the Sierra Nevada via the 

Hetch Hetchy Aqueduct ,  built in 1934 by the City of San Francisco. A standby water supply is provided 

through the South Say Aqueduct. Groundwater is no longer withdrawn by Lawrence Livermore National 

Laboratory. 

5. STRATIGRAPHY: GEOLOGIC FORMATIONS 

ANO THEIR WATER-BEARING PROPERTIES 

The Livermore Valley has two major sources of groundwater: the alluvial deposits that lie 

immed iately beneath the valley floor, and the older Livermore Formation that generally is found 

2 
beneath the alluvium. The Livermore Valley groundwater basin, as it is defined by Finlayson � �, 
encompasses the surface exposure of the alluvium and the Livermore Formation, and is shown in part in 
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Fig. l. It is suggested that a better definition of the Livermore Valley groundwater basin would be 

based on topographic considerations and could include all the area with surface drainage to the 

Valley. A third itater-producing iaaterial, the Tassajara Formation, underlies the northern portion of 

the Livermore Valley and has a large area of surface exposure in the hills immediately north of the 

valley. The Taasajara Formation is substantially less important as a source of groundwater because of 

its lower tranS111issivities relative to those of t.he alluvium and the Livermore Formation. 

The stratigraphy of the eastern Liver1110re Valley area itill be discussed in order of decreasing 

age of foriaations. The units are classified as being either water-bearing or nonwater-bearing. The 

nonwater-bearing group includes for111&tions that yield water to wells in quantities so low as to be 

useful only for stock watering and limited doaiestic supplies. Figure 2 portrays the surface exposures 

of some of the formations in the eastern Liver1110re Valley. 5 

6 .  OOl'liATER-BBARING FORMATIONS 

Descriptions of these strata are primarily fr<>11 Ref. 6 .  Rocks o f  the nonwater-bearing group crop 

out on all sides of the Livermore Valley. They also underlie the Valley and form the effective 

hydrol09 ic basement at depths of as much as 300 m near the axis of the Valley . The rocks of this 

group were all deposited under iaarine conditions. 

6 . l .  FRANCISCAN GROUP (JURA-CRETACEOUS) 

The geologic basement in the area is composed everywhere of rocks of the Franciscan assemblage. 

These rocks are exposed throughout the entire Diablo range south of Livermore Valley, and at Moun t 

Diablo to the north. The Livermore Formation laps onto the Franciscan rocks about 5 km southeast of 

the Lawrence Liver110re National Laboratory site. The Franciscan surface dips about 20 degrees to the 

northwest beneath Livermore Valley. 

The Franciscan Group is composed primarily of sandstone with smaller amounts of interbedded 

siltstone and shale. Minor cock types include conglomerate, various colored chert, altered igneous 

rocks, and &•all bodies of serpentine. 

6. 2 .  PAl'«)CHB FORMATION (UPPBR CRETACEX>US) 

The Panoche Formation overlies the Franciscan and is widely exposed in the Altamont anticline 

northeast of the Valley. The Panoche , which attains a thickness of about 3000 m, consists of a series 
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of interbedded shales and sandstones that are hard and fairly well indurated . The density of the 

Panoche Formation is close to that of the Franciscan Group, in contraet to the less dense younger 

tertiary strata, 

6. 3 .  TESLA FORMATION (MIDDLE EOCENE) 

'rhe oldest tertiary rocks in the area are found in the Tesla Formation that has li•ited exposure 

in a narrow band along Tesla Road, some 6 km southeast of the Laboratory site. The Formation has a 

reported thickness of up to 600 m and is composed of sandstone, clay, and shale with occasional coal 

sea.ms and conglomerate beds. 

6 . 4 .  CIERBO FOJIMATION (UPPER MIOCENE) 

The poorly exposed Cierbo Formation overlies the Tesla Formation. It is known principally from 

deep drilling, and has been proven as a minor oil reservoir. The Cierbo is about 300 m thick and is 

composed of poorly consolidated sandstone, shale, and tuff. 

6 . 5 .  NlmOLY FORMATION (UPPER MIOCENE) 

The UPper Miocene is also represented in the eastern Livermore Valley area by the Neroly 

Formation that attains a thickness of up to 800 m. The Neroly Formation is typically a hard, pale 

bluish-gray sandstone, but also contains conglomerate, shale, and tuff. It crops out locally in the 

hills east of the Lawrence Liver1110re National Laboratory. 

7 .  WATER-BEARING FORMATIONS 

Rocks of the water-bearing group underlie the entire valley floor of the Livermore Valley. Under 

most conditions , these units yield large quantities of groundwater to wells. The quality of this 

groundwater is mostly in the good to excellent range. 

7 . l .  TASSAJARA FORMATION (PLIOCENE) 

l 
The cocks of the Tassajara .Formation unconfor111ably overlie the upper Miocene strata, and 

include the oldest continental sediments in the Livermore Valley area. These cocks, which previously 
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have been considered as part of the Orinda Formation, consist of fresh- to brackish-watex sandstone, 

tuffaceous sandstone , siltstone, cong�omerate, shale, and limestone. The Tassajara Formation is 

exposed over a large area immediately north of the Livermore Valley. It occurs beneath the floor of 

the Valley at a depth of less than 60 m in the northern portion of the City of Livermore, and is 

believed to occur at depths greater than 230 m beneath the City of Livermore. 

Groundwater in the Tassajara Formation is a sod ium bicarbonate type of moderate quality. 

7 . 2 .  LIVERMORE FORMATION (PLIO-PLEISTOCENE) 

h . ' l, 2 . 
i l hi h f h i T e Livermore Formation is exposed n ow lls to the south and sout east o t e L vermore 

Valley in the Livermore Upland (see Pig. l ) .  Limited exposure of the Formation also occurs in a hill 

mass northeast of the City of Livermore. Throughout its outcrop area, the Livermore Formation 

consistently dips to the north or northwest at from 5 to 30 degrees. These stratal attitudes are 

likely a combination of initial sedimentary dip and inclination imposed by the continued structural 

development of the Livermore Valley. These dips carry the Livermore Formation beneath the younger 

alluvium of the valley where it is found nearly everywhere at depths ranging from a few meters to over 

120 m. 

The Livermore Formation was deposited by streams draining the highla
'nds surrounding the Valley, 

and in ephemeral lakes within the Valley . It is composed of various proportions of siltstone, 

claystone, sand, and •gravel . "  The •gravel" facies predominates and is composed of gravel, cobbles, 

and bouiders derived largely from the highland Franciscan terrain south of Livermore Valley. The rock 

fragments of the •gravel" facies are contained in a reddish-brown sandy clay matrix. 

The Formation rests with angular unconformity on all older rocks, and attains maximum thicknesses 

of about 1200 m. A tuff bed near the base of the Livermore Formation has been dated at 4 . 5  million 

7 
years. This age confirms the Mid-Pliocene age of the basal Livermore Formation. 

The Livermore Formation is one of the principal water-bearing formations in the Livermore 

Valley. All of the deep wells (wells deeper than about 45 �) in the eastern half of the Valley 

produce from this unit. Yields to wells are adequate for most irrigation, industrial, or municipal 

purposes. Transmissivitiy of the Livermore Formation is estimated to be in the range from 124 to 806 

m2
/d which is considerably less than the corresponding values for the overlying, younger alluvium.

1 

Groundwater from the Livermore Formation is a sodium bicarbonate water of generally good 

quality. Chemical analyses of water from two presently unused deep wells on the Lawrence Livermore 

National Laboratory site are presented in Table l ,  taken from Ref. 4 .  Both wells are completed in 

gravel beds, presumably of the Livermore Formation. The analyses in Table l were made prior to March 
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Table 1 .  chemical analyses of water from deep wells at Lawrence 

Livermore National Laboratory (concentrations given in parts per million) . 

Determination well NO .  Well NO. 2 

Sodium plus potassium (Na + K) 166 254 

calcium (Ca) 31 59 

Magnesium (Mg )  34 31 

Nitrate (N0 3) 0 0 

Sulfate (S04 ) 16 2 . 6  

Chloride (Cl) 166 200 

Bicarbonate (HC03l 400 661 

carbonate (C03 ) 

Free carbon dioxide (C0
2

) 16 5 3  

Total Hardness (Caco3 ) 217 275 

Silica (Si0
2

) 16 20 

rron (Fe) 0 . 1 1  0 . 2 8  

Manganese (Mn) 0 0 

Total solids (on evaporation) 623 902 

PH 7 . 6  7 . 3  

Dissolved oxygen 0 0 
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1955. Water from both wells exhibited faint iron and noticeable saline taste. Water from Well 1 had 

a definite sulfide odor, and water from both wells had substantial aJIOUnts of methane gas entrained. 

The important aspects of the chemical character of the groundwater from the Livermore Formation 

are the predominance of sodium and potassium over other cations, the predominance of bicarbonate over 

other anions, and the substantial chloride concentration. 

7 . 3 .  ALLlNIUM AND LACUSTRINB DEPOSITS (PLPISTOCENE-RECE'HT) 

2 
Alluvium and lacustrine deposits of Pleistocene to Recent age are grouped together, for the 

purpose at hand, as Quaternary alluvium. '!'he Quaternary alluvium consists of stream and lake 

sediments including various mixtures of gravel, sand, silt, and clay. The alluvium is largely 

unconsolidated, and overlies the Livermore Forma tion in moat of the Livermore Valley and the Tassajara 

ror•ation in the northern portion of the valley. 

The exact thickness of the Quaternary alluviua is difficult to determine because of its 

similarity to underlying formations, especially the Livermore Formation. SOiie well logs vaguely 

suggest a decrease in grain size within intervals known to contain both Quaternary alluvium and the 

Livermore Formation. The decrease is apparently gradational ,  and may describe the contact between the 

two formations . The thickness of the alluvium in Livermore Valley increases gradually from east to 

west. I t  reaches thicknesses of about 60 m in the vicinity of the City of Livermore. Elongated zones 

of high sand and gravel content in alluvium closely follow the present courses of Arroyo Hocho and 

Arroyo del Valle (see Fig. 3 ) .  The alluviua along the north side of Livermore valley is thinner than 

elsewhere, and is much finer-grained than that along the southern portion of the Valley. rn the east 

portion of the Livermore Valley, the alluvium is revealed in well logs to be composed of overlapping, 

interfingering lenses and sheets of gravel, sand, silt, and clay. Individual layers are not extensive 

enough to be traced between well logs, because they change in physical nature over very short 

distances. 

'!.'tie Quaternary alluviwa, especially in the western half of Livermore valley, is the most prolific 

aquifer in the area. Water yields to properly designed wells are sufficient for any type of use. 

Transmiasivities of the alluvium range from 930 to 4650 m
2

/d.
1 

Groundwater quality ranges from 

poor to excellent. 
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8. STRUCTURES AFFECTING GROUNDWATER MOVEMENT 

Faults within the Livermore Valley are the major structural features known to have marked effect 

l 
on tbe movement of groundwater. Faults in the Valley tend to act as barriers to groundwater flow. 

This barrier effect is commonly manifest in differences in hydraulic head, as measured in wells, 

across faults. 

The Livermore Valley is cut by six major faults. These faults compartmentali�e the Livermore 

Valley groundwater basin into a number of sub-basins, Study of groundwater flow in any one sub-basin 

is obviously made easier by knowledge of the extent of the sub-basin, which is defined in pact by its 

fault borders. Determining the flow pattern in the whole groundwater basin then becomes a matter of 

linking the flow between sub-basins. Much work remains to be done in determining the nature of the 

flow linkage betwee� sub-basins in the Livermore Valley groundwater basin. 

Of the six major faults ln the Livermore Valley, only those in the eastern portion of the valley 

will be discussed here. The locations of the faults ace shown in Fig. 4 .  

8 . 1 .  CARNEGIE FAULT 

The Carnegie fault runs along the eastern edge of the Livermore Valley. south of tbe Valley it 

brings Cretaceous rocks into juxtaposition with beds of the Livermore Formation. Recent oil 

exploration drilling in the eastern part of the Valley has shown that beneath the valley floor the 

carnegie fault is a reverse fault, with older rocks frOlll the east being moved over younger rocks on 

the west. Water level data along a portion of the length of the Carnegie fault indicate that it acts 

as a barrier to westward movement of groundwater. The water table drops some 45 m in step-wise 

fashion across the fault, with higher water table position on its northeast side. 

The Carnegie fault appears to affect a contribution of fluoride to groundwater. Six wells 

located along the fault yield water with 1 part per million oc more of fluoride. 

8 . 2 .  TESLA FAULT 

The Tesla fault enters the Liver1110re Valley along the canyon of Arroyo Seco. Movement on the 

Tesla fault appears to be primarily strike-slip with left-lateral sense. The Tesla fault presents a 

barrier to the flow of groundwater through much of its length in the Valley. Water levels in wells 

are about 9 m lower on the northeastern side of the fault than on the southwestern side. Groundwater 

is probably unimpeded in its southerly movement across the Tesla fault in the thin alluvium along 

Altamont and Cayetano Creeks. 
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The Tesla fault is a minor contributor of fluoride to groundwater. Three wells near the fault 

yield water containing fluoride in excess of 0 . 5  part per million. 

8 . 3 .  MOCHO FAULT 

The Mocho fault is part of one of the major zones of crustal weakness of the Diablo Range, The 

direction and magnitude of movement along the Hocho fault in the Liver1110re Valley is uncertain. The 

fault has an effect on groundwater flow through much of its length in the Livermore Valley as 

evidenced by well water levels that are depressed by 9 to 15 m on the northeast side. 

9 .  GROUNDWATER MOVEMENT NEAR 

LAWRENCE LIVERMORE NATIONAL LABORATORY 

Groundwater flow patterns are influenced by the configuration of the water table surface, and by 

variations in permeability of the saturated media. Permeability contrasts are found that result from 

original sedimentary processes and subsequent structural deformation. Some of these contrasts in the 

Pliocene to Recent materials of Livermore Valley have been described. 

The configuration of the water table surface in the eastern Livermore Valley has not been 

defined. Potentiometric maps of hydraulic head distr ibution in confined aquifers of the eastern 

Livermore Valley are unavailable . It is known, however, that the water table is located at depths of 

from 20 to 30 m beneath the surface in the Lawrence Livermore National Laboratory area.
5 

The experience of groundwater hydrology has shown that the water table surface generally follows 

surface topography in alluvial materials. Using this premise and knowledge of the topography, 

structure, and stratigraphy of the eastern Livermore Valley , a description of the most likely general 

groundwater flow pattern can be assembled . 

The effective lower boundary of the groundwater flow system in most of the Livermore Valley is 

found at the base of the Livermore Formation. Groundwater recharged to the Livermore Formation on the 

slopes south and southeast of the Valley moves northward under the younger alluvium of the valley. 

Groundwater that enters the Quaternary alluvium along the northern and southern edges of the Valley 

moves generally toward the course of Arroyo Las Positas, and thence westward.
2 

This westward 

movement is postulated on the basis of the surface gradient to the west and on the fact that the 

lowest groundwater levels occur in the western Livermore valley, near the City of Pleasanton , where 

the heaviest groundwater withdrawals take place . 
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Hydraulic head potential is generally a decreasing function of depth in the eastern Livermore 

2 
valley. Therefore, a substantial vertical downward component of groundwater flow from surface 

recharge in permeable soils and arroyo beds is inferred for much of the area. 

Groundwater in the two compartments of the eastern Livermore Valley defined by the Mocho, Tesla, 

and Carnegie faults is thought to move from recharge areas along the margins of the Valley in the 

southeastern and northwestern ends of the compartments, down the topographic gradient, parallel to the 

faults, toward the low areas of the compartments along the courses of Arroyo Las Positas and Altamont 

Creek. Some recharge to the groundwater system within the compartments probably occurs along the 

course of the upper reaches of Arroyo Las Positas, along Arroyo Seco , and along Cayetano Creek .
2 

Recharge from Arroyo Mocho certainly occurs along the southeastern portion of the Mocho fault in the 

2 
Valley. Some groundwater flow from the northeastern side of the Carnegi e  fault must occur because 

water levels ace higher on the northeast side of the fault. Movement of groundwater from the 

Carnegie-Tesla fault compartment certainly occurs in the alluvium of Altamont Creek. Other 

flow-linkage between these compartments or sub-basins is possible, but difficult to predict without 

mapping the water table and other potential surfaces. Water levels along the southwest side of a 

large portion of the length of the Mocho fault in the Valley are higher than on the northeast side of 

the fault. It would seem, therefore, that flow into the Tesla-Mocho fault compartment comes along 

from the southwest. This contradicts the generalization that groundwater flow in the Valley is from 

east to west. A major question that must presently go unanswered is whethe� or not the Tesla-Mocho 

fault compartment is outflowing to the southwest or receiving groundwater inflow from that direction. 

Groundwater withdrawals in the Tesla-Mocho fault compartment may be great enough to cause flow across 

the Mocho fault to be from the southwest. 

Section A-A' in F ig . 5 illustrates the relation between land surface topography and the hydraulic 

1 
head potential surface of the shallow aquifers in the Carnegie-Tesla fault compartment. 

Groundwater flow from the uplands near Cayetano Creek in the northwest, and from near Greenville Road 

in the southeast, moves toward the course of Altamont Creek, where the hydraulic head is least. The 

quality of groundwater in the compartment near Altamont Creek is poor, with total dissolved solids 

content averaging 2150 parts per million. The gcoundwater is a sodiUJ11 chloride-sulfate type, high in 

b<>ron. The sucface soil in the area near Altamont Creek is rich in sodium sulfate and sodium chloride 

salts. 
2 

The area coincides with a tow topographic basin, inefficiently drained by Altamont Creek. 

. 2 
Finlayson et al. state in discussing the area that •the high groundwater levels , salt-rich soil, 

and poor groundwater quality all suggest that groundwater in most of the northern unit does not 

readily move into the southeastern u n i t . "  The northern u n i t  refers t o  a n  area generally north of 

Highway 50. The southeastern unit is south of Highway 50. 
2 

Finlayson � recognized all the 
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characteristics of the area along Altamont Creek that identify i t  as a groundwater discharge area, yet 

never quite came to that conclusion. All of the characteristics of the area can be explained by the 

movement of groundwater towards the surface along Altamont Creek in the compartment. Topographic 

influences and the thinninq of water-bearing rocks beneath Altamont Creek, cause the vertical upward 

movement of groundwater, and force its discharge as diffuse seepage. Groundwater probably does not 

"readily move into 'the southeastern unit• because the gradient for flow is in the oppos ite d i rection. 

The overall pattern of groundwater flow in the Tesla-Mocho fault compartment i s  likely similar to 

that ln the Carneg ie-Tesla fault compartment. More complex topography in the Tesla-Mocho compa rtment 

and greater groundwater w i thdrawal from i t  complicate its hydrology enough that generalizations 

concerning the groundwater flow pattern will be fraught with errors of detail. Again, water table and 

hydraulic head maps ace needed for accurate flow description. Section B-B' of Fig. 5 shows that a 

northerly slope of the shallow aquifer potential surface exists in the Tesla-Mocho fault compartment. 

Section C-C' of Fig. 6 indicates the same slope. Section 0-0' of Fig. 7 illustrates a southerly water 

table gradient from the north toward Arroyo Las POsitas. 

Groundwater recharge takes place by infiltration of precipitation in the low hills of the 

Livermore Formation east and southeast of the Lawrence Livermore National Laboratory site. Recharge 

is affected by flow losses during the rainy season from the channels of Arroyo Seco and Arroyo Las 

POsitas above the mouth of Arroyo Seco. Water thus input to the underground system moves between the 

Hocho and Carnegie faults toward the northwest where a part of it is discha rged as diffuse seepage in 

the low areas near Altamont Creek and Arroyo Las POsitas below Altamont Creek. The remainder of 

�roundwater flow moves an undetermined distance west by flow-linkage between sub-basins (fault 

compartments) . A major question that remains to be answered revolves about the groundwater balance in 

the Tesla-Mocho fault compartment. It is not known that groundwater flow to the southwest out o E  the 

compartment occurs. There is some reason to believe that i t  does not. Hydraulic head potential 

mapping and other studies w i l l  be necessary to resolve the question. 

1 0 .  SUMMARY O F  GROUNDWATER HYDROLOGY 

The eastern Livermore Valley, including the Lawrence Livermore National Laboratory site, i s  

underlain by water-bearing strata, mostly o f  alluvial o r i g i n ,  that contain and transport groundwate r .  

The Pliocene to Recent water-bearing materials a r e  underlain by nonwater-bearing rocks o f  Miocene and 

older age. The water-bearing rocks contain aquifers at various depths that are used as groundwater 

supply sources. Most wells i n  the eastern Livermore Valley tap aquifers at depths of at least 30 m: 

many wells in the area produced from depths of 115 to 215 m. 
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Faults are the major structural features known to have a marked effect on the movement of 

groundwater in the eastern Livermore Valley. They tend to act as barriers to groundwater flow and 

divide the Livermore Valley groundwater basin into sub-basins or compartments. 

The configuration of the water table surface in the eastern Livermore Valley has not been 

defined. Potentiometric maps of hydraulic head distribution in confined aquifers of the eastern 

Livermore Valley are unavailable . The water table is known to be located at depths from 9 to 30 m 

beneath the surface in the area of Lawrence Livermore National Laboratory. The general pattern of 

groundwater flow near Lawrence Livermore National Laboratory is inferred using topographic 

considerations and hydrologic profiles prepared by the California Departlllent of Water Resources. The 

pattern inferred shows groundwater recharge entering the two compartments, formed by the Carnegie, 

Tesla, and Mocho faults, in areas southeast and east of the Laboratory site. Flow in the compartments 

is to the northwest, beneath the Site. Some of the groundwater ultimately is discharged by diffuse 

seepage to Altamont Creek and Arroyo Las Positas some 3 . 5  kll northwest of the Laboratory site. The 

remaining groundwater moves an undetermined distance west, generally along Arroyo Las Positaa. The 

direction of net groundwater flow across the Mocho fault has not been demonstrated. The surface 

gradient of Arroyo Las Positas is to the west, across the Mocho fault. On the other hand, groundwater 

pumpage from the Tesla-Mocho fault compartment may make it a closed groundwater sub-basin. water 

levels in wells stand 9 to 15 m higher along much of the Mocho fault, on its southwest side. The 

determination of the nature of the groundwater flow-linkage between the Tesla-Mocho fault compartment 

and the next compartment to the southwest awaits further study. 
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APPENDIX 2E 

ECX>I.OGY 

FLORA ANO FAUNA OP THE LIVERMORE SITE 

The biological features of the area occupied by OOE's Livermore sites have been examined at 

length. Plants and animals identified are listed in the following tables. At least o�e example of 

each listing has been observed. The plants identified are shown in Table l; plants considered to be 

native to the area are accompanied by an asterisk. Mammals identified are listed in Table 2 .  Of the 

mammals present, jackrabbits are the most numerous. Gophers, snakes, and field mice are observed in 

the undeveloped portions of the sites. Birds, which are quite numerous , are listed in Table 3 .  Table 

4 shows two reptiles and five amphibians observed on the Livermore sites. Although not observed , it 

is probable that there are more than one species of lizard and one species of snake on the Livermore 

sites. Tables 5 and 6 list the insects, arachnids, and crustaceans on the Livermore sites. 

Altogether these listings include 114 species of vascular plants; 16 mammals , including man; 

43 bi�ds; 2 reptiles; 5 amphibians; 45 insects; 5 arachnids; and 3 others. 

Tables 7 ,  8, and 9 list species observed at Site 300. This essentially grassland community is 

discussed in section 2 . 3 . 9 .  Site 300 is thought to be the only natural location �or a rare and 

endangered species of wildflower, Amsinckia a report on its status there is included as 

the second part of this Appendix. 

2B-l 

grandiflora;



Table l .  Plants of the LLNL and SNLL s ites . 

Cupressaceae (Cypress Family) 
Jµniper 

Golden cypress 

Salicaceae (Willow Family) 

Golden weeping willow 

Sandbar willow/• 

Moraceae (Mulberry Family) 

Fruitless mulberry 

Ulmaceae (Elm Family) 

Chinese elm 

Zelkova 

Po}ygonaceae (Buckwheat Family) 

Curly dock* 

Chenopodiaceae (Goosefoot Family) 

Nettleleaf goosefoot 

Lambsquarters 

Russian thistle (tumbleweed) 

Portulacaceae (Purselane Family) 

Miner's-lettuc e *  

Common purslane 

Rhamnaceae (Buckthorn Family) 

Ceanothus 

Cruciferaceae (Mustard Family) 

Shepherd's pu.rse ,., 

Black mustard-

Wild radish 

Wild turnip 

Juglandaceae (Walnut Family) 

English walnut 

2E-2 

sp. 

obtusa 

Salix babalonia 

Sallie 

Morua alba 

Ulmus 

Zelkova sp. 

Rumex 

murale 

album 

Salsola kali 

Montia 

Portulaca oleraceae 

Ceanothus sp. 

Brassica 

sativus 

Brassica 

sp. 

Juniperus 

Chamaecyparis

exigua

purnila

crispus

Chenopodium

Chenopodium

perfoliate

Capsella bursa-pastoris 

nigra 

Raphanus

campestris

Juglans 



Table l. (continued) 

Leguminosaceae (Pea Family) 

Vetch 

Lupine t� 

Alfalfa 

California burclover 

Locust (black) 

Geraniaceae (Geranium Family) 

Filaree (Heronbill) 1< 

Zygophyllaceae (Caltrop Family) 

Puncture-vine 

Malvaceae (Mallow Family) 

Cheeseweed 

Rose of sharon 

Hypericaceae (St. Jobnswort Family) 

St. J ohnswort 

Hydrophyllaceae (Waterleaf Family) 

Great valley phacelia1: 

Labiataceae (Mint Family) 

White Horehound 

Purple sage* 

Rosemary 

Compositaceae (Thistle Family) 

Prickly lettuce 

Common groundsel ,., 

Annual sowthistle 

Milk thistle 

Smooth cats-ear 

Pineapple weed 

Yellow starthistle 

Mayweed 

Dandelion 

Coyote bush* 

Spiny clotbur 

2E-3 

Vicia americana 

sp. 

sativa 

Robinia sp. 

Erodium cicutarium 

Tribulus terrestris 

Malva 

Althaea sp. 

Phacelia ciliata 

Marrubium 

Salvia dirrii 

Rosmarinus officinalis 

Lactuca serriola 

Senecio 

Sonchus oleraceus 

marianum 

Matricarica matricarioides 

Centaurea solstitialis 

Anthemis cotula 

Taraxacum officinale 

Baccharis 

Xanthium 

Lupinus 

Medicago

Medicago polymorpha

parvfflora

Hypericum perforatum 

Marrubium vulgare 

Salvia dirrii

Rosmarinus officinalis

vulgaris

Silybum 

Hypochoeris glabra

Centaurea solstitialis 

Taraxacum officinale

Baccharis pilularis 

spinosum



Table � (continued) 

Boraginaceae (Borage Family) 

Common fiddleneck1< 

Polygonaceae (Buckwheat Family) 

Common knotweed 

Onagraceae (Evening-Primrose Family) 

Panicled willow-herb 

Evening primrose * 

Proteacea (Protea Family) 

Silk oak 

Liliaceae (Lily Family) 

Grass nut* 

Amoryllidaceae (Amaryllis Family) 

Lily of the Nile 

Urticaceae (Nettle Family) 

Burning nettle 

Typhaceae (Cattail Family) 

Cattail 1• 

Graminaceae (Grass Family) 

Large crabgrass 

Rye 

Barnyardgrass 

Littleseed canary grass 

Wild barley 

Squirrel tail grass (Foxtail barley) 

Wild oats 

Rabbitfoot grass 

Annual bluegrass 

Italian ryegrass 

Ripgut brome 

Bermuda grass 

Bluegrass 

Perla grass (Timothy) 

Wheat grass 

Field oats 

Barley 
2E-4 

Amsinckia intermedia 

aviculare 

Oenothera sp. 

Grevillea robusta 

Brodiaea laxa 

africanus 

Urtica urens 

latifolia 

Secale cereale 

Echinochloa 

Phalaris minor 

Hordeum californicum 

Hordeum 

Avena barbata 

Poa annua 

Lolium multiflorum 

Bromus 

Poa sp. 

Phleum sp. 

Avena sp. 

Hordeum sp. 

Polygon=

E.;pilobiurn paniculatum

Agapanthus

Typha

Digitaria sanguinalis 

crus galli

jubaturn

Polypogon mons peliensis 

rigidus

Cy nodon dacty Ion 

Poa sp.

pratense

Agropyron

Avena sp.

Rordeum sp.



Table 1 .  (continued) 

Primulaceae (Primrose Family) 

Scarlet Pimpernel 

Amaranthaceae (Amaranth Family) 

Redroot pigweed (Green amaranth) 

Tumble pigweed 

Euphorbiaeae (Spurge Family) 

Turkey mullein 

Convolvulaceae (Morning-Glory Family) 

Field bindweed 

Hopseed bush 

Rosaceae (Rose Family) 

Tea rose 

Firethorn 

India hawthorn 

Toyon* 

Stone fruits 

Apricot 

Green-gage plum 

Pear 

Quince 

Apple 

Hawthorn 

Punicaceae (Pomegranate Family) 

Pomegranate 

Anacardiaceae (Cashew Family) 

Pistachio 

Pinaceae (Pine Family) 

Aleppo pine 

Monterey pine 

Mugho pine 

Fagaceae (Beech Family) 

Black oak 

Cork oak 

2E-5 

Amaranthus retroflexus 

Amaranthus albus 

Convolvulus arvensis 

Dodonea sp. 

Rosa sp. 

sp. 

indica 

Heteromeles arbutifolia 

Prunus sp. 

Prunus sp. 

sp. 

Chaenomeles sp. 

Malus sp. 

sp. 

Punica sp. 

Pistacia sp. 

Pinus 

Pinus radiata 

� sp. 

Quercus sp. 

Quercus sp. 

Anagallis aryensis 

Eremocarpus setigerus 

Pyracantha 

Phaphiolepsis 

Pyrus 

Crataegus 

Pistacia sp.

halepensis 



Table 1 .  (continued) 

Oleaceae (Olive Family) 

Ash 

Taxodiaceae (Taxodium Family) 

Coast redwood 

Giant redwood 

Casuarinaceae (Casuarina Family) 

Beefwood or she-oak 

Myrtaceae (Myrtle Family) 

Gum-tree 

Bottle brush 

Apocynaceae (Dogbane Family) 

Oleander 

Gorylaceae (Hazelnut Family) 

Alder'" 

Hamamelidaceae (Witch-Hazel Family) 

Liquidambar sweet-gun 

Platanaceae (Plane-Tree Family) 

Sycamore * 

Iridiaceae (Iris Family) 

Blue eyed grass* 

Araliaceae (Ginseng Family) 

Ground ivy 

Acanthaceae (Acanthus Family) 

Bears-breech 

Leguminosaceae (Pea Family) 

Mimosa 

Red Bud >� 

Elaeagnaceae (Oleaster Family) 

Russian olive 

2E-6 

Fraxinus sp. 

Sequoia 

Sequoia 

Casuarina stricta 

sp. 

Calistemon sp. 

Nerium oleander 

� sp. 

sp. 

Platanus sp. 

bellum 

Hedera sp. 

Acanthus latifolius 

Albizzia sp. 

Cercis occidentalis 

sempervirens

gigantea

Eucalyptus 

Liquidambar

Sisyrinchium

Elaeagnus angustifolia 



Table l. (continued) 

Cyperaceae (Sedge Family) 

Yellow Nutgrass 

Scrophulariaceae (Figwort Family) 

Owl clover * 

Ericaceae (Heath Family) 

Strawberry tree 

Papaveraceae (Poppy Family) 

California poppy * 

Solanaceae (Nightshade Family) 

False tobacco 

2E ·7 esculentus 

Arbutus unedo 

Eschscholzia californica 

Nicotiana 

Cyperus

Orthocarpus purpurascens

glauca

211 .7 esculentris



Table 2 .  Mammals of the LLNL and SNLL sites. 

Marsupialia (pouched) 

Opossum 

Chiroptera (Bats) 

Little brown bat 

Carnivora (Meat-eaters) 

Spotted skunk 

Rodentia (Gnawing) 

Muskrat 

Pocket gopher 

Deer mouse 

House mouse 

Meadow vole 

Norway rat 

Lagomorpha 

Black-tailed jackrabbit 

Brush rabbit 

Domestic Animals 

Cows 

Goats 

Sheep 

Cats 

Dogs 

Horses 

Chickens 

2E-8 

Ondatra zibethica 

bottae 

maniculatus 

Mus musculus 

Microtus californicus 

Rattus 

californicus 

auduboni 

� sp. 

sp. 

Ovis sp. 

Fells domestica 

Canis familiaris 

caballus 

Gallus 

Didelphis marsupialis 

Myotis lucifugus 

Spilogale putorius

Thomornys

Peromyscus

norvegicus 

Lepus 

Sylvilagus

Capra 

Equus 

gallus



' 

Table 3 .  Birds o f  the LLNL and SNLL sites. 

Turkey vulture 

White-tail kite 

Red-tailed hawk 

Sparrow hawk (American kestrel) 

Golden eagle 

Bald eagle 

California quail 

Ring-necked pheasant 

Chukar 

Killdeer 

Ring-billed gull 

California gull 

Rock dove (Domestic pigeon) 

Mourning dove 

Barn owl 

White -throated swift 

Anna's hummingbird 

Red-shafted flicker 

Western kingbird 

Cliff swallow 

Scrub jay 

Yellow-billed magpie 

Raven 

Crow 

Red-breasted nuthatch 

Mockingbird 

Robin 

Cedar waxwing 

Loggerhead shrike 

Starling 

Yellow warbler 

House sparrow (English sparrow) 

Western meadowlark 

Redwinged blackbird 

Bullock's oriole 

Brewer's blackbird 

2E-9 

Cathartes aura 

Elanus leucurus 

Buteo 

Falco 

Aquila 

Haliaeetus 

californicus 

Phasianus colchicus 

Alectoris 

Charadrius vociferus 

Larus dela war ens is 

Larus californicus 

Columba livia 

Zenaidura macroura 

alba 

Aeronautes saxatalis 

anna 

cafer 

verticalis 

Petrochelidon 

coerulescens 

Pica nuttalli 

Corvus corax 

Corvus 

Sitta canadensis 

Mi.mus 

Turdus 

cedrorum 

Lanius ludovicianus 

Sturnus 

Dendroica 

Passer domesticus 

Sturnella 

Icterus bullockii 

jamaic ensis

sparverius

chrysaetos

leucoc ephalus

Lophortyx

graeca

Tvto

C alypte

Colaptes

Tirannus

pyrrhonota

Aphelocorna

brae hyr hynchos

polyElottos

rnigr atorius

13ombycilla

vulgaris

petechia

negiecta

Agelaius phoeftic eus 

Euphagus cyanoc ephalus 



Table 3 .  (continued) L and SLL sites. (continued) 

House finch (Linnet) 

Pine siskin 

American goldfinch (Common goldfinch) 

Lesser goldfinch 

Savannah sparrow 

White-crowned sparrow 

Golden-crowned sparrow 

2E-10 

mexicanus 

tristis 

Passerculus sandwichensis 

Zonotrichia 

Zonotrichia 

, 

Carpodacus

Spinus_pinus

Spinus

Spinus psaltria 

Passerculus sandwiehensis 

Zonatrichia leuc ophrys 

Zonotrichia atricapilla 



Table 4 .  Amphibians and reptiles of the LI.NL and SNLL sites. 

Toad and Frog 

Pacific treefrog 

Western toad 

Lizard 

Western fence lizard 

Salamanders 

Eschscholtz ' s salamander 

California slender salamander 

Pacific giant salamander 

Snake 

Gopher snake 

2E-ll 

Bufo boreas 

occidentalis 

Ensatina eschscholtzii 

attenuatus 

ensatus 

catenifer 

Hyla regilla

Sceloporus

Batrachoseps

Dicamptodon

Pituophis



Table 5 .  Insects of the LLNL and SNLL sites. 

Di pt era 

House fly 

Syrphid fly 

Mosquito 

Crane fly 

Horse fly 

Horse bot fly 

Vinegar flies 

Sun fly 

Green bottle fly 

Thysanura 

Machilids 

Silverfish 

Ephemeroptera 

May fly 

Odonata 

Dragon fly 

Dragon fly 

Damsel fly 

Orthoptera 

Katydids 

Field crickets 

Grasshoppers 

Dermaptera 

Earwig 

Coleoptera 

Whirligig beetles 

Grain beetles 

Click beetles 

Lady beetle 

2E-12 

Musca domestica 

ribesii 

Cul ex 

Tabanus 

intestinalis 

Pseudoleria 

Lucilia 

Machilis 

Thermobia 

Caenis 

Anax 

Libellula 

Microcentrum 

Forficula auricularia 

Dineutes 

Tenebroides 

Syrphus

Tipula 

Gasterophilus

Drosophila melanogaster 

Argia 

Gryllus 

Melanoplus 

Monocerpidius 

Hippodamia convergens



Table 5 .  (continued) 

Hemiptera 

Stink bug 

Water strider 

Squash bug 

Back swimmers 

Homoptera 

Cicadas 

Leaf-hoppers 

San Jose scale 

Whiteflies 

Plant lice 

Ants 

Neuroptera 

Snakeflies 

Aphis lions 

Lepidoptera 

Swallowtail butterfly 

Cabbageworm 

Monarch butterfly 

Fritillary 

Tobacco hornworm (Sphinx) 

Measuring worms 

Hymenoptera 

Wasps 

Mud-dauber wasp 

Bumble bee 

Honey bee 

2E-13 

Chlorochroa 

Gerris 

Anasa 

Notonecta 

Trialeurodes 

A 

Formica 

oculata 

Pieris 

Danaus 

sexta 

Cleora 

Polistes 

Bombus 

mellifera 

Magicicada 

Platymetopius 

A sphidiotus perniciosus

phis

Mantisapa

Chrysopa

rapae

plexippus

Euptoieta 

Protoparce

Sceliphron 

Apis



Table 6 .  Arachnids and crustaceans o f  the LLNL and SNLL sites. 

Arachnida 

Spiders and mites 

Red Spider mite 

Garden spider 

Black widow 

Scorpion 

Harvestman spider 

Chilopoda 

Centipede 

Crustacea 

Sow-bug 

Diplopoda 

Millipede 

2E-14 

Latrodectus mactans 

convexus 

Paratetranychus pilosus 

Argiope 

Cylisticus

Spirobolus 



Table 7 .  Plants of Site 300. a 

Connon name 

( b lossom color, i f  noted) 

Annual bluegrass 

Ash 

Blue d i c k  

B luegum 

Burr c lovt•r 

Ca l i fornia pepper 

Ca l i fornia poppy 

Ca t t a i l  

Coast beefwood 

Common groundsel ( yr l l ow) 

Coyotr bush 

Cream cup 

Deer weed 

Deodar cedar 

Fiddleneck (orange) 

F i l  l a reP (blue) 

F i rPthorn 

Forget-me-not (whitr) 

Coldfield (yellow) 

Crape 

Crass nut 

Great valley phace l i a  

Hollywood jun ipPr 

Juniper tam 

La rkspur 

Lovegrass sunflower (white) 

Lupine ( b l ue ) ,  peren n i a l  

2E-15 

Scientific name 

Poa annua 

Fraxinus velutina 

Brodiaea 

Schinus mol lf' 

Eschsch o l t z i a  c a l ifornica 

l at i fo l ia 

Casuarina s t r i c t a  

Senec io 

Baccharis 

c a l i fornicus 

J.otus 

Ct>drus deodara 

Amsinckia intPnnedia 

Amsinckia 

Erucfium c i cutarium 

fortuncana 

Mvoso t i s  svlvstica 

Baeria 

V i t i 11  vini fera 

llrediaca laxa 

PhacP l i a c i l ia t a  

chinersis 

sabina 

decorum 

diffusa 

arboreus 

pulchella

Eucalyptus globulus

Medicago polymorpha 

Typha

vulgaris

pilularis

Platystemon

rigidus

grandiflora

Pyrocantha

chrysostoma

Juniperus

Juniper

Delphinium

Eragroatis

Lupinus



Table 7 .  tcontinued) 

Co11111on name 

( b l o ssom color, i f  noted) 

Lupine {white) 

Lupine {blue and white) 

Lupine (blue), annual 

Manzanita 

Milkthistle 

Miner ' s  lettuce ( l ight yel low) 

Monterey pine 

Mulberry 

Oleander 

Owl c lover {white) 

Owl c lover {blue) 

Panicled w i l low-herb 

Plane-tree 

Red i ronba rk 

Ripgut brome 

Rosemary 

Ryegraaa 

Sagebrush 

Shepherd ' s purse 

Shooting star {dark blue) 

Soap plant (whitr) 

Tidytip (ye llow center, white tips) 

Turkey mullein 

Val ley oak 

White ironbark 

Wild barley 

Wild cucumber 

Wild heliotrope 

2E-l6 

Scientific name 

densiflorus 

nanus 

Si marianum 

�ontia 

Pinus radiata 

Horus alba 

Neri um oleander 

Platanus acerifolia 

8romus 

Rosmarinus o f f  icinalis 

Lolium multif lorum 

Artemisia tridentata 

lobata 

Hordeum 

Harah fabaceus 

He liot 

Lupinus

Lupinus

Lupinus polyphyllus 

Arctostaphylos glauca

lybum 

perfoliata

Pinum radiata

Orthocarpus

Orthocarpus purparascens

Epilobium paniculatum

Eucalyptus sideroxylon

rigidus

Capsella bursa-pastoris 

Dodecatheon 

Chlorogalum pomeridianum

Layia platyglossa 

Eremocarpus setigerus 

Quercus

Eucalvptus leucoxylon

leporinum

ropium



Table 7. (continued ) 

Common name 

( h lossom c o l o t" ,  i f  noted) 

Wild oat 

Yanow (white) 

Yellow s t a t" t h i s t l e  

Scientific name 

Avena fatua 

Achilles bot"ealis 

Centaut"ea s o l s t i t i a l i s  

a
This l i s t  i s  a s  complete a s  possible fot" at"eas at"ound Buildings 850 and 

8 5 1  and the east powet" station and includes plants intt"oduced a s  weeds and 

landscaping. Othet" at"eas o f  S i te 300 wet"e not as extensively sut"veyed. 

2E-17 



Table 8 .  MaJllJllals o f  Site 30 0 .
8 

Common name 

Audubon cottontail 

Badger 

Big brown bat 

B lack-tai led deer 

Bobcat 

Brush mouse 

Brush rabbit 

C a l i fornia ground squirrel 

California jackrabbit 

Cal ifornia meadow mouse 

Coyote 

Deer mouse 

Feral cat 

Feral dog 

Grey fox 

Heermann kangaroo rat 

Kit fox 

Long-tailed weasel 

Man 

Mountain lion 

Opossum 

P i nyan mouse 

Pocket gopher 

Raccoon 

San Joaquin pocket mouse 

Spotted skunk 

Striped skunk 

Western harvest mouse 

Scientific name 

auduboni 

Taxidea taxus 

fuscus 

Odocoileus hemionus 

rufus 

bachmani 

Citellus 

californicus 

c a l i fornicus 

Canis latrans 

Peromvscus maniculatus 

Pelis dome sticus 

Canis domesticus 

heermanni 

macrot i s  

Mustela frenata 

Homo 

Felis concolor 

truei 

Thomomvs bottae 

lotor 

aMost mammals were posit ively identified. Observations were substantiated 

by duplicate sightings and by checking the range of various anima l s .  

2E-18 

Sylvilagus

Eptesicus

Lynx 

Peromyscus boylei

Sylvilagus

beecheyi

L.epus

Mycrotus

Urocyon cinereoargenteus

Dipodomys

Vulpes

sapien 

Didelphis marsupialis 

Peromyscua

Procyon

Perognathus inornatus 

Spilogale putoris 

Mephitis mephitis 

Reithrodontomys megalotis



Table 9 .  Crustacea , spiders , and insects of Site 300.  

Cotr111on name 

Ant 

Black widow spider 

Bumblebee 

Centipede 

Dragon fly 

Earwig 

Field cricket 

Garden spider 

Grasshopper 

Honeybee 

House f l y  

Jerusalem cricket 

Lady beetle 

Leaf-hopper 

M i l l ipede 

Scorpion 

S nake fly 

Sow bug 

Sulfur butterfly 

Tarantula 

Ta ran tu la hawk 
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Scientific name 

Formica 

Latrodecius mactans 

Bombus 

morsitans 

Libellula 

Forficula auricularia 

mellifera 

Musca dome st ica 

Centruroides 

convexus 

Euremia 

Tarantula 

is 

Solopendra

Gryllus 

Argiope 

Melanoplus

Apis

Stenopelmatus 

Hippodamia convergens

Platymetopius 

Spribolus 

Mantisapa

Cylisticus

Peps 
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NOT I C E  

This report was prepared as an account of work sponsored by the 
United States Government . Neither the United States nor the 
United States Department of Energy, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completenes s ,  or 
usefulness of any information, apparatus , product , or process 
disclosed, or represents that its use would not infringe 
privately-owned rights . Reference herein to any specific 
commercial product , proces s ,  or service by trade name , mark, 
manufacturer, or otherwise, does not necessarily constitute 
or imply its endorsement , recommendation, or favoring by the 
United States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any agency 
thereof. 
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SUMMARY 

The purpose of this project was to provide Lawrence Livermore National 
Laboratory (LLNL) with information to assist it in complying with the Endangered 
Species Act of 1973 (ESA) . 

Field work was conducted at Site 300 between 17 March and 22 August 1980 
in a search to det ermine whether the endangered San Joaquin kit fox, Vulpes 
macrotis mutica, occurred there, to survey the Site for additional populations 
of the rare plant species Amsinckia grandiflora , and to determine whether LLNL 
activities might b e  impacting on that p lant species . 

No evidence was found to suggest that the San Joaquin kit fox is present 
on Site 300. 

No new populations of A. grandiflora were found . The known population 
of A .  grandiflora below Drop Tower 858 consisted of 28 individuals . Evidence 
of a recent burn on a part of the kno l l  where A .  grandiflora occurs was the 
only indication of habitat disturbance .  There was no evidence that LLNL 
activities are impacting adversely on the species . 

It is likely that A .  grandiflora will be listed as endangered (it is now 
listed under Category 1 in a candidacy package) . I f  s o ,  a consultation with 
Fish and Wildlife Service is required, and an impact assessment statement wil l 
be needed. This study should satisfy most of the requirements for the impact 
statement . 

2E-24 



ACKNOWLEDGEMENTS 

Our thanks to our colleague, Patrick McCue, who assisted during ground 
and aerial surveys for the kit fox. We most gratefully acknowledge the cooper
ation and assistance of the many Site 300 personnel who provided escort , infor
mation, and in many cases , extra eyes during the surveys . Without these people, 
the field work would have been difficult . Roy Mullins, Site 300 Manager; and 
Owen Van Dyke provided us with much of the information necessary to coordinate 
our work on Site 300 , as well as personnel ,  office space, and vehicles . 

We are especially thankful for the warm and gracious assistance of 
Dr. Carl Lindeken, whose personal . interest in our work and in the welfare of 
the animals and plants of Site 300, made this project possib l e .  

2E-25 



Section 

l 

2 

3 

4 

s 

CONTENTS 

Tit le  

SUMMARY 

ACKNOWLEDGEMENTS 

INTRODUCTION . . 

1 . 1  
l .  2 

Background 
Objectives 

METHODS 

2 . 1  San Joaquin Kit Fox 

2 . 2  

RESULTS 

3 . 1  

3 . 2  

2 . 1 .  l 
2 .  l . 2  
2 .  l . 3  
2 . l . 4  
2 .  l . S  

Field Surveys 
Spotlight Surveys 
Aerial Surveys 
Live-Trapping 
Interviews . 

Amsinakia grandiflora . 

2 . 2 . 1  
2 . 2 . 2  

Drop Tower 858 
Other Site 300 Surveys 

San Joaquin Kit Fox 

3 . 1 . 1  Field Surveys 
3 . 1 . 2  Spotlight Surveys 
3 . 1 . 3  Aerial Surveys . 
3 . 1 . 4 Live-Trapping 
3 . 1 . S Interviews . 

Amsinakia grandiflora 

DISCUSSION AND CONCLUSIONS . 

4 .  l Endangered Species on Site 300 and the Endangered 
Species Act of 1973 . . . . . . 

4 . 1 . 1  
4 . l . 2  

San Joaquin Kit Fox 
Amsinakia grandiflora 

RECOMMENDATIONS 

LITERATURE CITED 

2E-26 

2E-24 

2E-25 

2E-29 

2E-29 
2E-29 

2E-30 

2E-30 

2E-30 
2E-30 
2E-3 1  
2E-3 1  
2E-31 

ZE-31 

2E-32 
2E-32 

2E-33 

2E-33 

2E-33 
2E-33 
2E-33 
2E-37 
2E-37 

2E-38 

2E-43 

2E-45 

2E-45 
2E-45 

2E-48 

ZE-49 

3.1

4.1

Page 



Section 

CONTENTS (continued) 

Title 

APPENDIX A :  PLANTS OBSERVED ON LAWRENCE LIVERMORE NATIONAL 
LABORATORY, SITE 300, 1980 . . . . . . . . 2E-50 

APPENDIX B :  VERTEBRATES OBSERVED ON LAWRENCE LIVERMORE 
NATIONAL LABORATORY, SITE 300, 1980 . . . .  

2E-27 

2E-52 

Pag e





1 . 1  BACKGROUND 

1.  I NTRODUCT I ON 

This investigation was undertaken to provide the managers of Lawrence 
Livermore National Laboratory (LLNL) with information to assist i t  in complying 
with the Endangered Species Act (ESA) of 1973,  as amended in 1978 and 1979 . 
Section 2 of the Act states the policy that . . .  all  federal departments and 
agencies shall seek to conserve endangered species and threatened species and 
shall utilize their authorities in furtherance of the purposes of the Act . 
Further, the purpose of the Act is to conserve the ecosystems upon which the 
species depend and , when needed , to provide a program for recovery of such . 
species . Section 7 of the ESA requires all  federal agencies to determine the 
distribution and status of any f ed�rally listed or candidate endangered or 
threatened species which occur on lands under their jurisdiction; and in consul
tation with the U . S .  Fish and Wildlife Service (FWS) to determine whether any of 
the agency ' s  actions will j eopardize the continued existence of the species or 
adversely impact the habitat of such species which is  determined by the Secretary 
of the Interior to be critical . 

The presence of two sp�cies , one animal and one plant, on or adjacent to 
Site 300 has led LLNL to investigate its responsibilities under the terms of the 
Act . The San Joaquin kit fox , VuZ.pes macrotis mutica, is a federally listed 
endangered species whose range is reported to extend along the western foothills 
of the San Joaquin Valley north to Contra Costa County (Laughrin , 1970 ; Morre l l ,  
1975; Swick, 1973) . Kit fox have been observed denning 3 to 4 miles north and 
east of Site 300 (Swick, 1973) , and unverified sightings of kit fox have been 
reported for Site 300 (Mcintyre and Johnson, 1980) . 

The last known population of a rare plant, Amsinckia grandifl.ora Kleeberger 
(Boraginaceae) , the large-flowered fiddleneck , occurs on Site 300 (Ornduff, 1977 ; 
Hanson, 1978) . The FWS is preparing to list this plant as a candidate endangered 
species . With this announcement the ESA requires that the species be treated as 
endangered, and requires LLNL to determine whether its activities will  negatively 
impact the species or its essential habitat , and to develop reasonable management 
plans to conserve both. 

1 . 2  OBJECTIVES 

The primary goal of this project was to provide LLNL with additional 
information to assist it in complying with the Act . Specific objectives were 
to: 1 )  determine whether Site 300 is being used for denning or hunting by the 
San Joaquin kit fox , 2) search for additional populations of Amsinckia grandifl.or>a, 
3) determine abundance and distribution of the known population in 1980 , and 
4) suggest protective measures for the plant and its habitat if appropriate. 
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2 . 1  SAN JOAQUIN KIT FOX 

2. METHODS 

Kit fox are primarily nocturnal but night spotlight surveys to observe 
them may not be effective in areas with low population densities . Therefore, 
a combination of survey methods was employed. Daytime surveys to find dens , 
track s ,  and scats were combined with night spotlight surveys and live-trapping 
to determine whether the kit fox was present on Site 300. 

2 . 1 . 1  Field 

Road surveys were used to observe as much of Site 300 as possible to 
determine presence of kit fox dens . Numerous roads and fire trails were driven 
slowly to allow observers to scan terrain for possible signs of kit fox. Frequent 
stops were made to al low observations of areas not visible from the vehicle.  
Potential den sites were investigated to determine whether they were made by kit 
fox. Most dens can be positively identified by a combination of characteristics , 
including size and shape of entrances , presence of fox track s ,  scats , or prey 
remains . 

Personnel also walked portions of almost every drainage on Site 300 looking 
for less obvious kit fox sign, such as tracks and scats along game trails . Animal 
track s ,  scat s ,  prey remains , and game trails were observed in areas that would 
normally be frequented by kit fox duirng hunting or territorial wandering s .  
S�cial efforts were made t o  look for evidence o f  fox at major game trail 
crossings, along fire roads , in drainages , along ridgel ines , and adj acent to 
springs and other water sources . Scats were collected for later identification . 

Ground searches were also conducted on private lands in two areas near 
Site 300: west of Corral Hollow Road and south of where it intersects Highway 580 
on lands where dens were observed from the air; and on land southeast of the junc
tion of Corral Hollow Road and Highway 580 ,  at the end of Jefferson Road where 
kit fox and their dens had been observed previously (Swick, 1973) . 

Night spotlight surveys were conducted along the roads and fire trai ls on 
Site 300 to obtain information on presence of nocturnal animal s ,  including kit 
fox. A vehicle was driven 5 to 8 mph with high beams on , while observers used 
spotlights to observe animals in areas perpendicular to the path . When eye
shines w&re observed the vehicle was stopped ; the animal was identified; and 
records of species , time, and mileage were made . A flashlight was used to 
approach unknown animals to obtain positive identification, but when this 
failed the approximate size of the animal and color of eye shine were recorded . 
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2 . 1 . 3  Aerial 

Aerial surveys were flown to find kit fox dens in areas remote from road 
systems . High-wing aircraft were used because 1) their configuration permitted 
an unobstructed view of the ground, 2) they could carry at least two passengers 
which increased effectiveness of search patterns , 3) their speed permitted rapid 
coverage of long transect s ,  and 4) their maneuverability al lowed safe searches along 
steep ridges and canyons. Surveys were flown at an altitude of 200 to 400 ft 
above ground level and an airspeed of 70 to 90 mph. Observations were made out 
of both sides of the aircraft along transects . 

When a possible den site 
observations with binoculars to 
and warranted ground searching . 
map s .  

was noted, the aircraft circled to allow further 
insure that the den probably was a kit fox den 

Potential locations were plotted on topographic 

2 . 1 . 4 

Live-traps were operated in an attempt to capture kit fox that might have 
been hunting on the area without l eaving conspicuous signs along our field survey 
routes . Collapsible ,  double-door, National live-traps measuring 15  by 15  by 40 
inches were placed in locations normally expected to be frequented by fox, such 
as along game trails , ridge lines , and in washes . Each trap was opened in late 
afternoon and baited with chicken parts . Traps were checked for captured animals 
the following morning shortly after sunrise. Traps were shut during the heat of 
the day to prevent accidental captures . 

2 . 1 . 5  Interviews 

People familiar with Site 300 and the surrounding lands and animals wer� 
interviewed to obtain information on presence of kit fox over past years . We e 
were particularly interested in interviewing night security personnel who have 
driven around Site 300 for several years , firefighters stationed at the nearby 
Castle Rock State Forestry Station, neighboring sheep ranchers , and highway 
patrolmen. 

2 . 2  Amsinckia grandifZora 

·· � Field methods used to search for additional populations of Amsinckia .;, 
grandiflora were limited by the rugged terrain and the need to verify species 
identifications in the field. Walking surveys were conducted with priority for 
areas near the known location for the species , and to habitats elsewhere that 
appeared to be similar to that around Drop Tower 858 . 

Six species of Amsinckia occur on Site 300 . Some resemble each other 
superficially, but the most common , widely distributed species , A. tessellata, 

* Permission to live-trap this endangered species was granted by the State of 
California in a 9 April 1980 Memorandum of Understanding between the Depart
ment of Fish and Game and EG&G, and by the U . S .  Fish and Wildlife Service 
through permit PRT . 2-4573 , 
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is not distinguishable from A .  grandiflora at more than a few meters . Thus 
positive identification of the species required examination of floral .parts of 
each prospective clump of plants , and scanning large areas for likely habitats 
from a distance had to be supplemented by close examination of each suspected 
population. 

2 . 2 . 1  Tower 858 

During Apri l ,  observations were made of the known population of 
A. grand�flora near Drop Tower 858 . P lants were counted, examined for seed set , 
observed for evidence of disease or predation, and the number of both floral 
morphs were counted . P l ants growing in association with A .  grandiflora were 
collected for identification . Observations were made of its site characteristics 
such as aspect,  slope ang le,  soil typ e ,  elevation, density, and height of vegeta
tion. Locations of individual A .  grandiflora were drawn on a map. Evidence of 
erosion, surface disturbances , or signs of recent burning that might be related 
to Site 300 activities were noted . 

2 . 2 . 2  Other Site 300 

Road surveys were used to locate both the occurrence of A .  grandiflora 
and habitats resembling that below Drop Tower 858 .  Graded fire trails provided 
access to most of the ridges and drainages . We drove slowly along them while 
observating plants and potential suitable habitats . Frequent stops allowed us 
to walk across slopes to observe areas not visible from roads and trai l s .  

Promising areas seen during road surveys were observed more closely on 
foot . Generally,  these were locations having west to northwest-facing slopes , 
loose soils on gully banks,  and plant species known to occur with A .  grandiflora . 
The entire drainage around Drop Tower 858 was surveyed intensively on foot . 
Barren, rocky, south-facing slopes with shallow soils or exposed rock outcrops , 
and slopes covered by a dense sward of wild oats , Avena barbata , are not considered 
to be likely habitats for A .  grandifZora and were not surveyed on foot . 
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3 . 1  SAN JOAQUIN KIT FOX 

3 . 1 . l  Field 

3. RES ULTS 

Field surveys to find evidence of San Joaquin kit fox on Site 300 were 
conducted in March and April (during the survey for Amsinakia grandiflora) and 
in June and July, 1980 (Table  1) . Intensively searched areas are indicated in 
Figure 1 .  No kit fox dens , tracks , or scats were observed . A fresh l agornorph 
gastrointestinal trac t ,  often evidence of kit fox predation, was found on the 
bare ground in the eastern-perimeter fire break, but this was not unequivocal 
evidence of the presence of kit fox since other carnivores and raptorial birds 
also leave this portion of their prey. 

· 

Ground surveys of private lands near Site 300 were conducted on 17  July 
and 19 August. Those areas surveyed off Site 300 are shown in Figure 2 .  No 
kit fox dens , tracks , scats , or remains of prey were observed. Appendix B list 
the vertebrates observed during these surveys.  

3 . 1 . 2  

Seven spotlight surveys were conducted during the periods 2-4 June , 
14-lS July, and 20 Augus t ,  a total of 1 2  hours of observations for nocturnal 
animals along a SS-mile transect on Site 300 roads and trail s .  Although a 
number of mammals  and birds were observed (Table 2) , no San Joaquin kit fox 
were seen. 

3 . 1 . 3  Aerial 

On 16 July a 2-hour aerial survey was conducted along the northern 
boundary of Site 300 over the gentle foothi l ls and valley floor from the north 
perimeter of Site 300 to Highway S80 , and from the area of Patterson Pass to 
just east of Corral Hollow Road . Although kit fox and their dens had been 
reported from these areas in the past (Swick, 1973) , none were seen during 
these aerial searches . 

Many large burrow systems were visible in pastures north of the Site, 
but numerous California ground squirrels,  SpermophiZus beeaheyi , were obs erved 
on them, and the burrows were tentatively identified as ground squirrel colonies . 
Subsequent ground surveys confirmed the aerial identification. The similarity 
in appearance between aerial observations of San Joaquin kit fox natal dens and 
large California ground squirrel colonies convinced us that aerial surveys to 
find kit fox dens were ineffective around Site 300. 
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Table l .  San Joaquin kit fox survey, LLNL, Site 300, 1980 

Date 

1 7  March-
1 8  April 

2 June 

3 June 

4 June 

5 June 

6 June 

1 4  July 

IS July 

lo July 

17 .July 

1 8  J u l y  

1 8  August 

1 9  August 

20 August 

2 l August 

Type of Survey 

Observations made for k i t  fox sign 
during driving and walking surveys 
for Amsinckia flrandi floPO. 

Night spotlight survey 

Driving/walking survey 
Night spotlight survey 
( I nterviews with night security 

personne l )  

Walking survey 
Driving/walking survey 
Night spot l i ght survey 

Walking survey 
Driving/walking survey 

Walking survey 
Driving/walking survey 

Driving survey 
Night spotlight survey 

Walking survey 
Driving/walking survey 
( Interviews with personnel ,  

D i v i s ion of Forestry) 
Live-traps set 
Night spot l ight survey 

Aerial survey 

Live- traps set 
Night spo t l i ght survey 

Walking survey 

( l nterview with ranch owner) 
Live-traps set 

Driving/walking survey 

Driving survey 
Live- t raps set 

lfa lking survey 

Live-traps set 

Live-traps set 
Night spot l i ght surve� 

Live-traps set 

Location• 

See Table 4 

NW, N ,  NE , E sectors 

NW , N sectors 
NW, N sectors 

Near Fac i l ity 8 3 1  
E ,  N E  sectors and near 852 
NW , N ,  Cent sectors 

NW sector 
SW sector 

SE sector 
SE , S ,  SW, NW, N ,  NE , E sectors 

S ,  SW, W, N ,  NW sectors 
SE, E ,  N ,  NW, W sectors 

East perimeter of SE sector 
E, NE , N sectors 
Castle Rock Fire Station 

Trap locations l - 1 0  ( F i gure l) 
NW, W, SW, Cent sectors 

North of S i t e  300 to Hwy 580,  
from Patterson Pass east to 
2 mi E of Corral Hollow Rd. 

Trap locations 1 - 1 0  
E ,  Cent , N ,  NW sectors 

Private land, ranch NW of Corral 
Hol low Rd . ,  E of Site 300 
( r:igure 2 )  

Trap locations l - 1 0  

NW, W ,  Cent sectors 

E ,  NE, N sectors 
Trap locations l ,  3 - 7 ,  1 0- 1 3  

Private land S of Jefferson Rd . ,  
ca . 2 mi SE of j n  Corral 
Hollow Rd. and Hwy 580 
( F igure 2 )  

Trap locations l ,  3 - 7 ,  1 0 - 1 3  

Trap locations I ,  3-5, 1 0 ,  1 2 - lo 
NW, Cent, !i , NL:: sectcirs 

Trap locations 1 .  :) - 5 ,  1 0 ,  1 2 - 1 6  

"'General locations, "sectors" referred to i n  this t a b l e ,  correspond t o  areas of 
Site 300 as shown here: 
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Table 2 .  
l'ah lc 2 

Vertebrates observed during night spotlight surveys on 
LLNL, Site 300, 1980 

Date 2 June 3 June 4 June 1 4  July 15 July 16 July 20 August 
Length ( m i )  

Duration (hr/min) 

MAMMALS 

Lepus califor71icus 
Black-tailed Jackrabbit 

Sy lvilagus auduhonii 
Audubon ' s  Cottontail 

Dipodomys heermanni 
l!eerman n ' s  Kangaroo Rat 

Peromyscus sp. 
Deer Mouse and allies 

':axiaea taxa 
Badger 

Odocoileus hemionus 
Mule Deer 

Canis la trans 
Coyote 

BIRDS 

Athene cunicularia 
Burrowing Owl 

Tyto alba 
Barn Ow 1 

Buho virginianus 
Great Horned Owl 

Asio flarmieus 
Short -eared Owl 

Eremophila alpest l"is 
Horned Lark 

REPTILES 

Pituophis melanoleucus 
Gopher Snake 

3 . 1 . 4 

7 . 5  
2/35 

8 

l 

--... 20 

2 

3 

- -

- -

5 

4 

l 

- -

- -

l 

4 . 8  
l/ 20 

I 

- -

6 

- -

l 

- -

- -

3 

- -

- -

- -

- -

--

1 2 . 8  
l/20 

16 

1 7  

7 

- -

5 

- -

- -

7 

- -

l 

1 

2 

- -

9 . 2  
2/0 

27 

1 8  

30 

- -

2 

2 

l 

28 

2 

- -

4 

- -

- -

6 . 1  
l/40 

8 

2 

24 

2 

l 

7 

- -

1 0  

- -

- -

l 

--

- -

6 . 9  
1/30 

27 

21 

I S  

- -

3 

- -

- -

32 

--

- -

-

- -

- -

7 . 9  
1 / 30 

8 

3 

- -

--

- -

- -

- -

9 

I 

- -

l 

I 

l 

Between 15 July and 21 August ,  70 trap nights (one live-trap set for one 
night) of effort were expended trapping for kit fox at trap locations 1 - 1 6  
(Figure 1 ) . No k i t  fox were live-trapped; however, four desert cottontai ls , 
Sylvilngus audubonii, a raccoon, Procyon lotor, and a striped skunk, Mephitis 
mephitis , were captured and released unharmed (Table 3) . 

3 . 1 . S  Interviews 

Several guards insisted that two "families" of kit fox had been observed, 
one recently and often in a culvert below Facility 831 , and another on a hill 
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Table 4 

Date 

1 7  March 

18 March 

3 April 

4 April 

16 April 

17 April 

18 April 

S June 

Tabl e  4 .  Field surveys for Amsinckia grandirl,ora on 
LLNL, Site 300, 1980 

Type of Survey 

Observations at 
A .  grandi flora 
population 

(plant col l ections) 

Driving survey 
Walking survey 

(plant col lections) 

Observations at 
A. grandiflora 
popu lat ion 

(plant co l l ections) 
Walking survey 

(plant coll ections) 

Walking survey 

(plant co l lections) 

Driving/wa l k ing survey 
Walking survey 

Observations at 
A. grandiflora 
popu lation 

Driving/wa l k ing surveys 
(plant col l ect ions) 

Driving/wa l k ing survey 
(plant co l l ections) 

Observations at 
A. grandiflora 
population, drawing 
of schematic diagram 
(Figure 4)  

Driving/walking surveys 

Observations at 
A .  grandifZora 
popu lation during 
k i t  fox survey 

Location* 

Drop Tower 858 

Drop Tower 858 

Fire trai l s ,  SW sector 
Drainage 1 mi N of 858, 

W sector 
Drainage 1 mi N of 858, 

W sector 

Drop Tower 858 

Drop Tower 858 

Drainage S of 858 to 
Corral Hollow Rd . 

Drainage S of 858 to 
Corral Hollow Rd. 

Drainage l mi N of 858 
through W sector 

Drainage 1 mi N of 858 
through W sector 

SW sector 
Slopes east of Tower 

858, S sector 

Drop Tower 858 

SW, W sectors 
SW, W sectors 

S sector 
S sector 
Drop Tower 858 

E and N sectors 

-Orop Tower 858 

Observation of 
Amsinckia grandiflora 

A .  grandiflora; 
not i n  bloom. 

A. grandiflora; starting 
to bloom, 21 counted 

28 individuals of 
A .  grandiflora counted 
in peak b loom 

A .  grandiflora dead and 
dried, nutlets s t i l l  
attached 

*General locations, "sectors" referred to in this table, correspond to areas of 
Site 300 shown here: 
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OJ 
SCALE IN MllfS · 
Contour inl•�I • 

Figure 3 .  Location of Amsinckia grandijlora population below Drop Tower 858 
on LLNL, Site 300 , showing area of proposed critical habitat for 
this species 

Vegetation on the knoll was typical of that on steep north-facing slopes 
in the southwestern portion of Site 300. Annual grasses , Festuca megaZUPa, 
Bromus rubens, Bromus tectoPWTI, were dominant,  but there were diverse annuals 
and perennials including Achillea borealis, Silene antirrhina, StyZomecon 
heterophy lZa, Trifoliwn variegatum, Montia perfoliata, and A lZium amplectans. 
These and others (Appendix A) were searched for as "indicator species" during 
surveys to find other populations of A .  grandijlora. 

Grasses , notably Festuca , growing to a height of 2 decimeters (dm) were 
dominant on north-facing slope where the larger individuals of A .  grandijlora 
grew in 1980 . On the west and northwest- facing slopes with smaller A .  grandijlora 
there was a sparse grass cover , and the soil was looser and lighter in color than 
on the north.  Western and southern slopes supported dense stands of Monolopia, 
PhaceZia, Streptanthus, and A .  tesseZZata. 
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Figure 4 .  Locations of individual Amsinokia grandiflora in 1980 at population site below 
Drop Tower 858, LLNL, Site 300 
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On 3 April ,  21 plants were counted, including 1 2  "pins" (plants whose 
flowers have exserted styles ) ,  "thrums" (plants whose flowers have exserted 
anthers) ,  and two immature plants still in bud stage. On 1 7  Apr i l ,  28 
A. grandifl,ora were counted. Twenty individuals germinated outside the roped 
enclosure presumably delineating distribution of the population in earlier 
years . Five individuals were large plants about 7 dm in height, having 
branching stems and 5 to 10 inflorescences. The remaining individuals were 
!11aller, 3 to 4 dm tal l ,  and had only one or two inflorescences . All 
A. gioandifl,ora appeared to be free of disease, and there was no evidence they 
were being eaten by animals . 

A cursory examination to determine seed set was made on 2 June when 
plants had dried. Most flowers had only 1 to 2 nutlets (maximum is four) , a 
pr�ion observed previously (Ornduff, 1976) . 

Charred stumps of shrubs south of Drop Tower 858 and also west of 
A. grandifl,ora (Figure 4) indicated a recent burn, but the north and northwest 
faces of the knoll were free of charred material. No evidence of either recent 
surface disturbances or excessive erosion was observed. 
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4. D I SCU S S I ON AND CONCLUS I ONS 

No evidence was found that the San Joaquin kit fox either visits or makes 
dens on Site 300 , even though it has been observed in the past within three to 
five miles of the area. Based on this information, it is reasonab le to conclude 
that Site 300 activities do not impact on the kit fox. 

No populations of Amsinckia grandiflora other than that one already known 
at Drop Tower 858 were found. Searches outside Site 300 in Contra Costa County· 
have also been unsuccessful (Hanson, 1978) . All  available information suggests 
that the small population on Site 300 is the only one in existence. Because of 
this and the species ' recent history, to be discussed subsequently,  there is 
little doubt that A. grandiflora fulfills the legal description of an endangered 
species : 11 • • •  any species which is in danger of extinction throughout all  or a 
significant portion of its range " 

Historical records suggest that A. grandiflora has always been a rare 
plant and that it has become rarer in this century. It  was first described by 
Gray in 1876 and was known only from locations in the vicinity of Antioch , 
Contra Costa County (Ornduff, 1977) . There is a collection from 1889 by 
0 .  L .  Green "collected in Livermore Val ley'' as A .  spectabilis and subsequently 
annotated as A. grandiflora by W . N .  Suksdorf in 193 1 .  In the California 
Academy of Sciences Herbarium there are numerous sheets of A .  grandiflora from 
a locality "one mile north of Corral Hollow near Alameda County line, San 
Joaquin County," also several labelled "Corral Hollow, Alameda County," and 
one "central part of Corral Hollow, Alameda County . "  A l l  of the latter were 
dated in the 1930 ' s  (Alva Day, Associate Curator, personal communication) . 

Ornduff (1976) has reported on the population at Drop Tower 858. There 
were several thousand plants present in a dense population at the tower in 1966 
and also in 1967 . In 1974 the same area contained a relatively few individuals 
that occurred in smal l ,  widely scattered groups . 

In 1980 we counted 28 plants in the Drop Tower 858 population. 

Because the area adjacent to Drop Tower 858 now appears to be the sole 
site known for A. grandiflora , some history of the area and conditions around 
it seem appropriate. The drop tower was built in 1958, and its control room 
in 1978, which required no additional clearing (Roy K .  Mullins , Jr . ,  personal 
communication) . A heavy chain l ink fence surrounds the tower facility and 
associated parking area. A gate leading to Amsinckia population is kept locked. 
There is little evidence of' human disturbances outside the chain fence with two 
exceptions . 

1 .  On the outh side of the drop tower (the side away from the Amsinckia 
popula' ion) , heavy ·;oncrete b locks have been left near the bottom 
of the drainage channel . 

2 .  East of the population, we noted some erosion below a drain pipe 
from the fenced enclosure. 
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Some time in the last few years , steel posts and ropes were used to show 
the location of A. grandiflora . Although the stakes were in place in the spring 
of 1980, only a portion of area is still  enclosed behind the deteriorated ropes . 

If there were overburdens of soi l taken from the top of the kno l l  when 
the drop tower was constructed, no evidence remained in 1980 . All  slopes in the 
immediate vicinity of the A. grandiflora population are richly vegetated, as 
noted earlier. 

We observed no evidence of other conditions that might have affected 
A. grandiflora , but there is little natural history and no certain knowledge of 
specific requirements against which causes could be identified. Traditional 
causes to which loss of species might be attributed were not present:  recent 
construction of roads or buildings, vehicle traffic,  foot traffic,  field collec
tion of plants , grazing by live stock, or land clearing for agriculture. 

Absence of obvious physical causes for the decline of A. grandiflora has 
been indirect ly acknowledged by others by the introduction of hypotheses citing 
other possible causes . 

Ray and Chisaki (1957) suggested a hypothesis based on evolutionary 
principles . They pointed out that A .  tessellata, a homostylic species , (abundant 
on Site 300) probably evolved from A. grandiflora, a heterostylic species. They 
suggested that when homostylic populations arise from heterostylic, the latter 
may be crowded out and thereby replaced . Ornduff (1976) followed this same 
reasoning and suggested "It is possible that the greater reproductive success 
of these weedy species has al lowed them to displace A .  grandiflora over much of 
the latter's former range . "  He suggests that the restricted distribution is 
perhaps associated with its "archaic and relatively inefficient reproductive 
system . "  

As a speculation of how A .  grandiflora persists on Site 300 after its 
disappearance elsewhere , two conditions are evident . Firs t ,  grazing by livestock 
is absent . Second , the area is still  subject to control led burning , whereas 
fires on agriculturally developed lands are strongly suppressed. That the 
burning on Site 300 is a factor in al tering species composition was apparent 
in the spring of 1980 . On many hil l s ,  espec ially on the north end of Site 300, 
there were herbaceous annual species that produced massive displays of color, 
unlike similar slopes and exposures on the agricultural lands surrounding 
Site 300 where flowering annuals  were relatively rare. 

The report by Ornduff (1976) concerning numbers of plants from year to 
year suggested another possib le unknown concerning the occurrence of A .  grandiflora ,  
viz . ,  year-to-year oscil lat ions in population size and area extent. Many annual 
populations of herbaceous species are known to fluctuat e ,  genera l ly attributed to 
particular environmental conditions such as temperature regimes , times and amounts 
of precipitation, and other factors . But little is known about these fluctuations 
except that they occur. 

It is also possible that the Ray and Chisaki hypothesis is correct; that 
we are witnessing the final stages of an evolutionary process by which A. grandi
flora is being displayed by its descendants , abetted by competition from introduc
tions of exotic species of grasses . 
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It is apparent that broader studies are needed to assist in understanding 
not only what has occurred but also for assistance in maintaining Amsinckia 
grandiflora in  its present habitat, or establishing it elsewhere . 

4 . 1  ENDANGERED SPECIES ON SITE 300 AND 
THE ENDANGERED SPECIES ACT OF 1973 

4 . 1 . l  San Kit Fox 

This study appears to fulfi l l  LLNL obl igation under terms of the ESA. 
Since the kit fox does not occur on Site 300, LLNL activities obviously do not 
impact on the species, and LLNL has no further responsibilities under implementing 
regulations of the Act . An informal consultation with U . S .  Fish and Wildlife 
Service (FWS) in Sacramento would appear to be in order to report this conclusion. 
This report might be submitted to support this position. 

4 • 1 . 2 Amsinckia 

We already noted that this species appears to qualify as endangered under 
ESA. On 15 December 1980 , the Department of the Interior published a list  of 
native plant taxa being considered for listing as Endangered or Threatened under 
ESA (Federal Register, 45(242) : 82480-82569) . Amsinckia grandiflora was listed 
under Category 1 ,  "Taxa for which the Service presently has sufficient informa
tion on hand to support the biological appropriateness o f  their being listed as 
Endangered or Threatened species . "  The FWS in Sacramento has compiled a 
candidacy package, including designation of a proposed critical habitat, required 
for a formal proposal for listing the species as Endangered (Monty Knudsen , FWS, 
Sacramento, 1980 , personal communication) , and pub lication of its candidacy 
appears imminent . Once candidacy intent is pub lished, ESA amendments require 
that A .  grandifZora be given the same protection as i f  it were already listed. 
ESA then requires a review of possible impacts of nonconstruction projects to 
determine whether those actions may affect the species or its designated critical 
habitat - tentatively proposed as the western quarter of Section 28,  T3S; R4E. 

I f  LLNL activities are considered to have a negative impact, then LLNL is 
required to request a conference with FWS, while A. grandifZora is a candidate,  
or  a formal consultation after it  is  formal ly l isted . The purpose of either 
meeting is to al low the Department of Interior to evaluate the seriousness of 
impact of the proposed activities and to resolve potential conflicts through 
mitigation. For construction in the area , ESA regulations stipulate informing 
the Regional Director, FWS, of the proposed activities prior to initiation . 
LLNL is responsible for providing both the biological information needed to 
conduct either a consultation or conferenc e ,  and the preparation of a Biological 
Assessment before formal consultations are initiated. Infonnation needed 
includes: l) on-site inspection to determine presence of the species, 2) reviews 
of scientific l iterature and data, 3) interviews with recognized experts , 4) a 
review and analysis of the effects of the proposed activities on the species and 
its habitat , including cumulative effects , and 5) an analysis of how possible 
impacts might be mitigated. With this study, LLNL has completed items 1)  and 2 ) .  
Information for assessment of impacts will  of course be specific to the actions 
contemp lated, and item 5) will  depend in part on the action contemplated, or may 
not be r·• �sible cons� iering the state of knowledge about the species . 
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I f  A .  grandifLora becomes a candidate for endangerment or is declared 
Endangered, regardless of the reason for its decline and because it occurs on 
Site 300, LLNL, with the assistance of the Secretary of the Interior, must 
carry out a program to conserve the species . 

In anticipating FWS questions , we have speculated as to Site 300 activities 
that might be considered as impacting on the species based on Appendix 3 B ,  Environ
mental Assessment , Site 300, originally inc luded in the draft Environmental Impact 
Statement for LLNL (DOE EIS-0028-D) . These impacts may be harmful or beneficial,  
or both, with the balance lying somewhere between . Activities include explosives 
testing, controlled burning,  application of herbicides , grading and maintaining 
fire trails , and construction or modification of drop tower faci lities . High 
explosive tests may produce 1) blast, 2) shrapnel and fires from the hot frag
ment s ,  3) low-level radioactive debris ,  and 4) possibly toxic or beneficial 
nitrogenous materials or gases . Cumulative effects are even more speculative. 

Since FWS already has informally expressed concern about possible negative 
effects of burning (Monty Knudsen, FWS, Sacramento , 1980, personal conununication) , 
LLNL can expect the FWS will request information in an attempt to determine 
whether controlled burning poses a threat to species or habitat . We note that 
current management calls for avoidance of burning on the knoll supporting 
A. grandi[Lora. (Roy Mullins , 1980, personal communication) . 

Although use of herbicides has been curtailed since preparation of the 
Draft EIS,  LLNL can expect to be questioned about the use of herbicides for weed 
control along roads , telephone poles , parking lots , or firing tables in the area. 

Grading of fire trails and construction activities for parking facilities 
that might affect runoff into the critical habitat will be  questioned. We note 
that Ornduff (1977) speculated that changes in the local runoff due to construc
tion of Drop Tower 858 might have contributed to the decline of A .  grandi[Lora. 

In discussions with FWS, LLNL might note that despite the possibility of 
adverse impacts of LLNL activities, A. grandi[Lora probab ly exists only because 
of the protection within a security area, even though the factors responsible 
for its disappearance elsewhere are speculative. As mentioned above , Ornduff 
(1977) linked its extirpation to the introduction of domestic livestock. He 
also suggested that introduction of al ien winter annual grasses (principally of 
Bromus on Site 300) may affect the welfare of A. grandi[Lora. 

Once the species is listed, LLNL can expect that FWS will  likely suggest 
adopting a management plan, like they did at Elk Hills Naval Petro l eum Reserve.  
Successful application of such a plan implies an understanding of the species ' 
life cycles , ecological requirements , and habitat interactions . Much of this 
information does not exist, but other investigations ought to produce sufficient 
information for a management plan that wi l l  conserve and benefit A. grandi[Lora 
without interfering with Site 300 activities. Objectives of such investigations 
might include the following: 

1 .  Determination of the ecological or life history characteristics 
responsible for its past and present distribution pattern 

2 .  Assessment of the species reproductive capacity with regard to 
the following parameters: 

a .  With chronic burning 
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b .  In the presence of dense winter annual grasses 

c .  In competition with other species of Amsinckia 

d .  In the absence of domestic herbivores or with grazing by them 

e .  On soils containing products of explosive testing 

3 .  Development Qf management strategies that would contribute to 
conservation of the species might includ e :  

a .  Curtailment of testing at Drop Tower 858 if information develops 
that A. g!'andiflora might be vulnerab le to impacts of testing 

b .  Implementation of controlled burning that might have proven 
useful in 2a above 

c .  Provide supplemental irrigation in dry years , if evidence 
indicates that reproduction would be aided 

4 .  Exploration of ways in which A .  grandiflora might be established or 
re-established in other, more remote areas of Site 300, or to portions 
of its former range 

Such studies should be based on cultivated populations of A .  grandiflora . Ray 
and Chisaki (1957) raised this species under glass at Berkeley, and this appears 
to be the best way to accumulate seed for experimentation or particularly for 
planting elsewhere . Subj ecting the wild population to manipulation would be 
very unwise, since the risk of extinction to such a sma l l  population is too 
great . Some of these suggested activities are certainly idealized and may not 
be possible. The highest priority appears to be increasing the numbers of the 
population in its present habitat, and research can be planned around that 
priority. 
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5. RECOMMENDAT I ON S  

An infonnal consultation with FWS wil l  satisfy LLNL obligations under 
ESA for the San Joaquin kit fox, since LLNL activities do not impact on that 
endangered species. 

An infonnal consultation with FWS , as a continuation of those already 
held, should be initiated in anticipation of the probability that Amsinckia 
grandijlora is likely to be listed as Endangered. Since a conservation and 
management plan for execution by LLNL management to protect Amsinckia grandijlora 
appears likely, LLNL might consider what such a plan might entail ,  perhaps 
with the following priorities : 

1 .  It should provide for an annual survey of the population on Site 300 
and elsewhere, based on joint funding with FWS , or their cooperation . 

2 .  Its primary objective should be to increase the size of the present 
population. 

3 .  I f  the population increases or remains stable,  emphasis in the 
management plan should turn to other objectives, such as : 

a .  Investigation o f  its natural history, its development , 
pollinators , and seed production 

b .  Understanding the fol lowing effects : 

(1)  Competition from exotic grasses 

(2)  Competition from other Amsinckia 

(3) Grazing by l ivestock 

(4) Burning 

(5) Other effects ,  possibly those from test activities 

4 .  Until the population can be increased, or if it cannot be increased, 
it should not be manipulated, with the possible exception of removal 
of a sma l l  number of seeds for the purpose of growing elsewhere, 
possibly under glass or in a lath house .  (We note that Prof. Robert 
Ornduff, University of Cal ifornia, Berkeley offered a seed supply in 
the spring of 1980 . )  
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APPEN D I X  A: PLANTS OB SERVED ON 

LAWRENCE L I VERMORE NATI ONAL LABORATORY, S I TE 300, 1980 

Cupressaceae 

JunipePUs oaZifornioa 

Amaranthaceae 

Amaranthus sp. 

Asteraceae 

AahiZZea boreaZis ssp. 
aaZifom.ioa 

Artemisia oaZifom.ioa 
Baeria ahrysostoma ssp . 

graoiZis 
Coreopsis aaZZipsida 
Eva:r: sp.  
Gutierrezia bracteate 
HapZopappus sp. 
Hemizonia keZZoggii 
Hemizonia ssp. 
HoZoaarpha obooniaa 
Layia pZatygZossa 
MonoZopia ZanoeoZata 

Boraginaceae 

Amsinokia grandif7,ora 
Amsinokia intermedia 
Amsinakia Zyaopsoides 
Amsinakia menziesii 
Amsinakia tesseZZata 
Amsinakia vem.iaosa 
Cryptantha intePmedia 
PZagiobothrys sp.  

Brassicaceae 

Streptanthus sp. 
Thysanoaarpus our>Vipes 

*C 

c 
c 
c 

c 

*C 
*C 

*C 
c 
c 

*C 
c 

*C 
c 

* C  
c 

Campanulaceae 

Downingia beUa 

Caprifoliaceae 

Sambuaus mexiaana 

Caryophyllaceae 

SiZene antirrhina 

Cucurbitaceae 

Mu.rah maaroaarpus 

Ericaceae 

Aratostaphy Zos sp. 

Fabaceae 

Lotus subpinnatus 
Lupinus aZbifrons 
Lupin us biao Zor 
Lupinus densif7,orus 
TrifoZium variegatwn 

Fagaceae 

Queraus dougZasii 

Geraniaceae 

Erodium aiautarium 

Hippocastanaceae 

AesauZus aaZiforn.ica 

Hydrophyl laceae 

Eriodiatyon sp . 
PhaaeZia tanaoetifoZia 

c 

* 

*C 
*C 
*C 
*C 
*C 

* 

* 

*C 

* - Plant species that occur with Amsinckia grandif7,ora on the slope below 
Drop Tower 858 ,  used as indicator species in our searches for potential 
A. grandif7,ora habitat . 

C - Plant species that were collected during the course of the 1980 field 
surveys . 
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Lamiaceae 

Marrubium vul-gare 
Sal-via mel- l-ifera 

Loasaceae 

Mentze iia affinis 

Onagraceae 

Camissonia boothii ssp . 
decortiaans 

Camissonia micrantha 
Camissonia strigul-osa 
ciarkia purpurea 
Clarkia unguicuZata 

Papaveraceae 

Eschschol-zia cal-ifornica 
Pl-atystemon caZifornicus 
Styl-omecon heterophyZZa 

Polemoniaceae 

Gil-ia aapita�a ssp . 
staminea 

Giiia c livorwn 
Cilia tricolor 

Po lygonaceae 

Eriogonum fasciculatwn 
Eriogonum sp . 

Portulacaceae 

Cal-andrinia ciZiata var. 
menziesii 

Montia perfol-iata 

Ranunculaceae 

DeZphinium hesperium 
Delphinium sp.  
RanuncuZus canus 

*C 

* 

*C 
*C 

c 
c 
c 

c 
*C 

c 

c 

Rosaceae 

Prunus sp . 

Rubiaceae 

Galiwn aparine 

Salicaceae 

Popul-us fremontii 
Salix sp. 

Saxif ragaceae 

Ribes sp . 

Scrophulariaceae 

Castil-l-eja fo l-iol-osa 
Col-l-insia heterophyl-l-a 
Mimul-us sp.  
Orthocarpus purpurasaens 
ScrophuZaria cal-ifornica 

Urticaceae 

Urtica hoZoseriacea 
Hesperocnide teneiia 

Amaryl lidaceae 

Al-l-iwn ampl-ectans 
Dichel-osterruna pul-chel-l-a 
Trite Ua l-axa 

Poaceae 

Bromus moiZ-is 
Bromus rubens 
Bromus tectorwn 
Festuaa megal-ura 
Mel- Ziaa aal-iforniaa 
Poa saabre Ua 
Sitanion sp . 
Stipa aernua 

c 

c 
c 

*C 

*C 
*C 
*C 

*C 
*C 
*C 
*C 

c 
*C 
* 

c 

* - Plant species that occur with Amsinakia grandiflora on the slope below 
Drop Tower 858, used as indicator species in our searches for potential 
A .  grandiflora habitat . 

C - Plant species that were col lected during the course of the 1980 field 
survey. 
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A P PEN D I X  B :  VERTEBRATES OB SERVED ON 

LAWRENCE L I VERMORE NATIONAL LABORATORY, S I TE 300, 1980 

MAMMALS 

Didelphis rnarsupiaZis 
Opossum 

Lepus aaZiforniaus 
Black-tailed Jackrabbit 

Sylvilagus audubonii 
Desert Cottontail 

Spermophilus beeaheyi 
California Ground Squirrel 

Thomomys bottae 
Southern Pocket Gopher 

Pel'Ognathus aaZiforniaus 
California Pocket Mouse 

Dipodomys heezrmanni 
Heermann ' s  Kangaroo Rat 

Peromysaus maniaulatus 
Deer Mous

·
e 

Neotoma fusaipes 
Dusky-footed Wood Rat 

Mus mu.saulus 
House Mouse 

Canis Zat:rans 
Coyote 

F'r>oayon Zotor 
Raccoon 

Taxidea ta:r:us 
Badger 

Mephitis mephitis 
Striped Skunk 

Lyn:x rufus 
Bobcat 

Odoaoileus hemionus 
Mule Deer 

T - Live-trapped 1980 
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EXECUTIVE SUMMARY 

A C lass  I I I  cul tural resources i nventory was undertaken of  ca.  7000 acres 

of Lawrence Livermore National Laboratory ' s  S i te 300 property; Twenty-four 

cul tural resource properties and twenty-five s i te types were l ocated and 

recorded. Of the properti e s ,  three are prehistoric �  twenty hi storic and one 

is a mul t i component s i te . Hi storic cultural resources compri se 83% of the 

total s i te assembl age . In terms of defined s i te types ,  hi storic petroglyphs 

and structures are the most representative of the recorded cul tural resources . 
A brief s i te l oca l e  analysi s ,  uti l i z i ng the inventory data , indicates 

that cul tural resources occurrence i s  associated more strongly with the 

canyon-gul ly  l andforms than the foothi l l s .  Based on this ana l ysi s ,  i t  i s  

probable that there i s  a greater probabil i ty of impacting cul tural resources 
when projects occur in and around canyon-gu l l y  areas . 

The majority of  the s i tes are either of  CRES S3 or S4 s i gni ficance 
( " l ow s i gn i ficance'' ) and whi l e  they merit consideration by Lawrence Li vermore 
National Laboratory, that consideration shoul d be mostly of a defensive 
nature . Only four of the cultural resource properties  are ei ther potential or 

e l i g i b l e  resources for the National Register of Hi storic Places and merit a 
high degree of consi deration by Lawrence Livermore National Laboratory. No 
Native American or other ethn i c  cul tural l ocales were noted during the 
i nventory. 

Management recommendations for both general and specific cul tural resources 

indi cate a variety of options ranging froin patrol l i ng/surve i l l ance to the i r  

designation a s  "Spec . ' l  Management Areas . "  Several s i tes  are recommended for 
selective subsurface testi ng to funy evaluate their National Register 

si gni ficance. One s i te , the habitati on/residence area of the former town 
of Carnegi e ,  i s  recommended for nomi nation to the National Register a fter a 
l i mi ted testing/archival research program . 
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INTRODUCTION 

Thi s report presents the results of a l i terature/archive search and a 

Cl ass I I I  cul tural resource fi e l d  inventory of the Lawrence Li vermore 

National Laboratory ' s  Site 300. Thi s  study was commissi oned for i nc l us i on i n  

a Lawrence Livermore National Laboratory envi ronmental impact statement and 
i s  specifica l l y  di rected towards determi n i ng the e l i gi b i l i ty of specific si tes 

or areas for inclusion as hi storical properties on the National Register of  

Historic Places.  

The intent of  this  study, completed during the months of Apri l and May, 

i s  to provide Lawrence Li vermore National laboratory with a brief overview 

and synthes i s  of the existing cultural record , incl uding hi storic ,  prehistori c ,  

and ethnographic data avai l able for the project area a s  wel l  detail the 

results of an intensive cul tural resources fi e l d  inventory of the LLNL Site 
300 area . Lawrence Li vermore National Laboratory, in cooperation with the 

Uni ted States Department of Energy, i s  mandated by the Anti quities Act of 

1 906,  the Reservoi r  Salvage Act of 1 960 ( a s  amended· by Publ ic  Law 93-291 ) ,  

the National Historic Preservation Act of 1 966 (as  amended ) ,  the National 

Envi ronmental Pol i cy Act of 1 969  (NEPA ) , Executive Order 1 1 593,  the Federal 

land Pol icy and Management Act of 1 976 , the Archaeol ogical Protection Act of 
1 979  (among other Federal l egis l ation)  and the Cal i fornia Envi ronmental Qual i ty 

Act (CEQA) to identify, evaluate and protect prehi s tori c ,  hi storic and ethnic 

cul tural resources on l ands under i ts jurisdiction . The purpose of  this  study 
i s  to provide data on the cultural resources wi thin the project boundaries and 

in the immediate vicini ty that can contri bute material for informed management 

decisions that wi l l  minimize any present or future impacts to the resources 

and encourage l ong-term planning that may result  i n  the conservation and 

protection of a non-renewable  portion of Ameri ca ' s  heritage. 

The area of this  investi gation i s  the present Lawrence Livermore National 
Laboratory ' s  Site 300 l ocated in the region north of Corral Hol low, approx

imately 8 . 5  miles  northwest of Tracy , San Joaquin County, Cal i fornia ( F i g .  1 ) .  
The project area i s  i ncl uded within Township 3 South, Range 4 East (Mount 
Diablo Meridian ) ,  and Sections 1 5 -1 7 ,  20-22 , 26-29 , and portions of 8 - 1 0 ,  

25 , 33-35 o f  the Tracy and Mi dway USGS 7 . 5  minute topographic quadrangles 

( 1 968 edition ) ( Fi g .  2 ) .  The majority of the approximate 7000 acres of  the 

project l i es within San Joaquin County with a sma l l  portion of the western area 

within Al ameda County ( F i g .  2 ) .  
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NATURAL SETTING 

The Lawrence Livermore National Labora tory' s  S i te 300 i s  l ocated in an 

area of rol l i ng hi l l s  i mmedi ately to the north of Corral Hol l ow ,  a pass in the 

Di ablo Range of central Cal i forn i a .  The h i l l  sl opes vary from gentle to 

extremely steep with el evations ranging from 600 feet on the floodpl a i n  of 

Corral Hol low Creek to approximately 1722 feet at the West Observation Point 

wi thin the s i te .  Drainages separate the l arger hi l l s  with deep, near vertical 

wal l ed canyon s .  The drainages have no floodplains  or terraces present. 

The spec i fi c  regional geol ogy has been described by Huey ( 1 948) who has 

noted a three formation geologic sequence ranging i n  age from upper Cretaceous 

to Mio-Pliocene. 

The upper Cretaceous Panache forma tion i s  the oldest present on S i te 

300. This forma tion i s  d iv ided into two general groups : ( 1 )  sands and sand

stones ; and,  ( 2 )  congl omerate.  The massive sandstone s ,  grey weathering to 

tan or buff and with fine to medium gra i n s ,  characteri ze 60% of this  formation.  

The grains are angular  and the sorting is  fa i r  ( Huey 1 948 ) .  

Congl omerates are very uncommon among rocks of upper Cretaceous age in 
the area and are onl y promi nent on Rocky R i dge ( Huey 1 948 ) .  No congl omerates 

of the Panache formation were observed during the survey of LLNL Site 300 . 
The Ci erbo formation i s  a transgress i ve formation of upper Miocene age . 

Several di fferent types of l i thologies , including beds of quartzose sand and 

conglomerate , are present. Beds of quartzose sand are very common in the 

mapping unit  (c f .  Huey 1 948 ) and can be seen i n  the canyons south of the 
West Observation Poi n t .  The sands are poorly sorted , coarse grained, mas s i ve 
and cross-bedded , fri a bl e ,  steaked wi th l i monite and carry round pebbl es of 

quartz and black chert ( Huey 1 948 ) .  The black chert was not observed at S i te 
300. The congl omerate carries rounded pebbles and cobbles of quartz, vari
col ored chert, l avendar quartzite and sandstone. Northwest of this area the 

congl omerate carries angular pebbles and cobbles of Franci scan chert and 

sandstone characteri stic of the base of the Ci erbo forma tion ( Huey 1 948 ) .  
The Neroly formation i s  of trans i t i onal Mio-Pl i ocene age and l i ke the 

Panache and C i erbo formations has sands tones and conglomerates present. The 

sandstones of thi s formation are a di stinctive blue col or . Neroly congl omer
ates consist  of round andesitic  pebbles and cobbles , 5 to 1 3  cm i n  diameter, 

set in a matrix of blue sandstone ( Huey 1 9 48 ) .  This forma tion i s  found 
throughout the Site 300 area and a number of rockshel ters have been formed 
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i n  the sandstone by wind and water. 

The deposi t i onal h istory of the area i s  that of a shal l ow sea and coast 

l i ne . The Panoche formation was deposi ted in a sha l l ow sea during the upper 

Cretaceous .  Thi s  deposition was foll owed by a period of fol ding and erosion 
until the upper Miocene. During  this  period , the Cierbo formation was formed 

during a sea expansion .  I t  rests wi t h  angular unconformity upon Panoche rock .  

Envi ronmental change marked the transition from the Miocene to Pl i ocene and 

the formation of the Neroly group. In  most pl aces the Neroly overl ies the 
Cierbo unconformably and there are s l i ght angular di scordances between the 

atti tudes of beddi n g  in the two formation s .  This  break marks a change from a 

marine envi ronment to a broad floodplain or coastal plain  as a l ocal s i te of 

deposi tion for the Neroly (Huey 1 948 ) .  

Folding took place after the depos i ti on of the Neroly formation.  Two 
major sync l i nes and one an ticl ine are present within  the boundaries of S i te 

300 (cf.  Huey 1 948 ) .  Faul ting  occurred concurrent with this  fol ding with 

the combination creating the ridge which traverses S i te 300. 

Stream down cutting and modern soil  fonna tion began with the faul ting  and 

folding acti ons . The s treams .drain i n to two major drainages both of which 

fol low syncl ines and faul ts . El k Ravine foll ows the Patterson Pass syncl i ne 

and faul t whi l e  Corral Hol l ow Creek fol l ows the Corral Hollow syncl i ne and 

faul t .  El k Ravine drains the northernmost portion of S i te 300 and south to the 

ridge top. Corral Hol l ow Creek drains the remai nder south of the ridge top. 

Sma l l  a l l uvial  fans have developed in the southern part of S i te 300 just  

north of  Corral Hol l ow Road and Corral Hol l ow Creek has  a wel l devel oped 

flood p lain  and terrace on the northside just south of S i te 300. No fl ood
p l a i n  or terraces are present for El k Ravine .  Soil  creep and s l umping were 

observed i n  the fi e l d  only on the steepest slopes .  
The soi l s  for Site 300 and v icinity have been mapped and described by 

Welch et al . ( 1 966 } .  Al l of the soi l s  are ei ther clay or c l ay l oam on 
moderate to steep sl opes (cf.  Welch et al . 1 966 ) .  The soi l s  fonned under a 
mesothermal c l i mate of cool , moist winters and hot ,  dry summers . They conta i n  

rel a t i vely  large amounts o f  organic matter and are suggestive o f  thick  
stands of perennial grasses and scattered oak woodl and . The parent material 

was weathered , fine-grained sands tone with envi ronmental condi t i ons s imi lar  

to the present. 

Fl oristical l y  the project area is transitional between a Coastal Prairie 
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bobcat rufus ) ;  skunk or badger 

(Taxidea taxus ) ,  buteos , turkey vul tures and several owl speci es ) .  Li zards 

and snakes were observed (cf .  Stebbins 1 959 for additional i n formation ) .  

Adult and juven i l e  mul e  deer (Odocoi l eus hemi onus ) were spotted through
out the duration of the project .  Deta i led  information on the l ocal fauna can 

be found i n  Berry and Berry ( 1 959 ) .  

Tabl e 

Observed Common Forbs of the Project Area 

Lupine 
Purple san i c l e ,  snake root 
Fiddleneck 
Morning glory 
Tidy tips  
Buckwheat 
Soap pl ant 
Yarrow 
Wi l d  cucumber 
Fil  aree 
Owl ' s  cl over 
Indian paintbrush 
Cal i fornia poppy 
Grass nut 
Blue d i c k  
White mariposa l i l y  
Cal i fornia mustard 
Miner ' s lettuce 
I r i s  
Blue-eyed grass 
Wi l d  onion 
Black sage 

�-
Sanicul a 
Ams i �.P.P.· 

g 
�· 

Achi l l ea 
Ma rah fabaceus 

um- �. 

Orthoca s densi fl orus 
affi n i s  

Eschscho z i a  

!! · 
Calochortus venustus 

1 um 
Montia 
Iris  �-

bel l um 
i um �.· 

Sa 1 vi a me 1 1  i f  era 

Wi th regard to cl imate , Cal i fornia exhibits the Medi terranean pattern 

of summer drought and winter rai n fa l l  caused by the seasonal north-south 

migration of a high pressur� center over the Pac i fi c  Northwest.  Si tuated 

within the eastern ridges and canyons of the Diablo Range, the project area 

itsel f i s  subject to a rainshadow effect that i nh i bi t the prec i p i tation of 

coasta l l y  derived moi s ture over this regi o n .  These conditions resul t i n  the 

l ow average annual prec i pi tation of 1 4 . 4  inches for the Town of Livermore 

( El ford 1 970) and even l ess for the more shel tered project area. Whi l e  the 

interior l ocation of Site 300 accounts for l ower prec i p i tation figures , i t  

i s  a t  the same time respon s i bl e  for the more continental aspect o f  its  
seasonal temperature variation . Though snow is  infrequent ,  the area does 
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experience a short frost-free period, with 1 00-1 50 frost-free days for the. 

Li vermore area . Seasonal temperatures average 71 . 7°F in  Ju ly  and 46 . 1 °F i n  

January, spanning a broader range than i n  the coastal region to the west 

(El ford 1 970 ) .  Greater detail on the general area i s  ava i l able  in Gil l i am 

( 1 962 ) .  
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PREHISTORY 1 

Di rect archaeol ogical data for the i nl and project area are sorely l acking 

al though bas i c  comparative i n formation for the greater Bay Area and central 

Cal i fornia i n  general i s  ava i l a bl e .  

The San Franci sco Bay Area was first regarded a s  an archeol ogical uni t by 

N . C .  Nel son i n  1 909 who observed tha t :  

" . . .  enough i s  known to warrant the statement that a general 
simi l arity in culture obtains  for the entire region; but the 
di fferences , i f  any , rema i n  to be brought cl early ( to l i ght) (Nel son 1 909 : 327 ) . "  

Uhle ( 1 907)  and Nel son ( 1 90 9 ,  1 91 0 )  contri buted to the earl iest studies of the 

regional prehistory. In spec i fi c ,  Uh le  ( 1 907 ) was responsib le  for the first 

publ i shed report on a Bay Area shel l mound in Emeryv i l l e .  Using stratigraphy 

for chronol ogical control , he reported change through time in burial customs , 
i n  the frequency of certa i n  arti fact forms , and i n  the relative proportions 

of oyster and c l am shel l s  in the midden. Nelson ( 1 909)  l ater suggested a 

general similarity i n  cul ture among Bay Area shel lmound s .  He reported on h i s  

excavation a t  the El l i s  landing s i te and argued for the general cul tural unity 

of a l l  inhabi tants of the s i te .  Nelson d i d  note a change from a preponderance 

of mussel shel l i n  l ower l evel s to that of clam i n  hi gher l evels  and suggested 

that this  was an invol untary adaptation to envi ronmental change on the Bay 

bottom. 
Kroeber ( 1 92 5 )  bel i eved that the San Francisco Bay region was a cul ture 

zone that remained spati a l l y  and tempora l l y  homogenous .  Bickel ( 1 976 : 1 0 )  

notes that Kroeber based h i s  early sul!1l1ary o f  Cal i fornia prehistory on 

archeol ogical data from the Bay Area . Based on h i s  analysi s ,  Kroeber ( 1 92 5 :  

926 ) concluded tha t :  
" . . .  the upshot of the correlation o f  the findings o f  archaeology 
and ethnology i s  that not only the general Cal i fornia cul ture area , 
but even i ts subdivi sions or province s ,  were determined a l ong time 
ago and have ever s i nce maintained themsel ves with rel atively l i ttle 
change . "  

By 1 92 9 ,  l ocal and regional sequences of culture change were developed 

el sewhere i n  the state . Theodoratus et al . ( 1 97 9 : 3 5 )  have suggested that 
studies by Schenck and Dawson ( 1 929 ) ,  M . J .  Rogers ( 1 92 9 )  and D . B .  Rogers 

( 1 929)  establ i shed chronologies i n  the Lodi area of the San Joaquin Val l ey ,  

the Yuman area o f  southern Cal i fornia and al ong the Santa Barbara Coast, 
respectively.  
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L i l l ard, Heizer and Fenenga ( 1 939)  proposed the first s i gni ficant 

chronol ogical sequence to document cul tural change in prehi s tori c Central 

Cal i forn i a .  Evidence from mortuary practices and decorative arti facts 

·i ndi cated that variation i n  modes of burial of the dead and di fferences i n  the 

relative abundances of assoc i a ted arti facts were the resul t of cul tural change. 

A three part class i fi cation sc heme was developed and was compri sed of an Ear ly,  
Transi tional and Late Horizon . Beardsley ( 1 948 , 1 954)  l ater refined this  
sequence i n to what is  now known as the Central Cal i fornia Taxonomic Sys tem 

wi th  h i s  Transi tional Horizon being named the Middle Horizon (Tabl e 2 ) .  

Heizer and Fenenga ' s  ( 1 939)  Delta scheme provided an example of cul tural 

change whi c h  typified the prehistory of Cal i forn i a  and suggested a simi l a r  
and para l l e l  devel opment i n  the Bay Area . However, there are di fficul ties i n  

the extension o f  one regional sequence to another area (c f .  Bickel 1 976 ) .  

Wall ace ( 1 978) and El sasser ( 1 978) provide the most current synthes i s  of 

post-Pl e istocene archaeology and l ater prehistoric cul tures i n  Cal i forn i a .  

Whi l e  a great deal i s  now known regarding  central Cal i forn i a  cul tural 

chronology, there are s ti l l  unresol ved probl ems wi th respect to the Middle 

Horizon , Transi tional Phase and the Late Horizon (c f .  Tab l e  2 ) .  Wi th respect 

to the Middle Horizon , i ts terminal dates are estimated to be between A . O .  700 

and A . O .  900 ( c f .  Fredrickson 1 974a , b ) , yet Bennyhoff ( 1 977)  places the 

i nception of the Early Phase I of the Late Horizon at A . O .  300 - well wi thin 
the Late Phase or Terminal Phase of the Middl e Horizon as noted by Fredrickson 

( 1 974a , b ) . The term "Transitional Phase" (A . O . 700 - A . O .  900) has been 

used by some archaeologi sts for this  d i sputed time period. 
Archaeol ogi sts do agree that the Early Horizon i s  the most poorly known 

of the periods after 2000 B . C .  Intersite comparison i s  comp l i cated by 
apparent widespread variati ons .  Gerow with Force ( 1 968) note that great 

cul tural di vergence was present duri ng Early Horizon times and that diagnostic 

tra i ts uti l i zed to characterize the Early Horizon from the Wi ndmi l l er Facies 
are l i mi ted in  how they can be appl ied to other regions of central Cal i forn i a .  

Archaeologists are agreed that bas i c  Early Horizon tra i ts i ncl ude dol i cho

cepha l i c  and pl atyrrhine physical type s ,  hunting and fi shing  for subsi stence 
and the presence of mi l l i ngstones for vegetal food process i n g .  Other 
traits  are the use of the atl atl , a rel ative absence of fire-al tered roc k ,  
greasy midden , organic soi l , charcoal and ash i n  the midden s .  Early Horizon 

cul tures practiced elaborate burial ritua l s  and placed a wea l th of grave goods 
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wi th  the dead. Wel l developed trade networks with other areas of the Pacific 

Coast and the Sierra were al so developed by thi s time. 

Archaeol ogists are a l so i n  agreement that Middl e Horizon s i tes are more 

common and are relatively better known. These s i tes  usual l y  have deep deposits 
containing  l a rge quantities of  a s h  and charcoal , fire-al tered roc k ,  faunal 
remains  of fi s h ,  b i rd and mammal species , and evidence suggestive of a growing 

rel i ance upon pl ant foods as opposed to hunted animal foods .  The aboriginal 

populations were general l y  dol i chocepha l i c  and pl atyrrhine . 

The Late Horizon emerges from the Middle Horizon with many earl ier  traits 

conti nuing and the introduction of  new traits .  Late Horizon s i tes  are the 

most numerous and are composed of rich,  greasy midden with bone and fire

al tered rock. The use of the bow and arrow, flexed interments ,  " k i l l ed" grave 
offerings , and occa s i onal cremation of the dead were known traits . A di etary 
empha s i s  on acorn and seed gatherin� i s  evident for this  horizon. Physical 
types change to mostly brachycepha l i c ,  mesorrhine types who were short in stature 

with a finer bone structure than the earl ier  peopl es . 

Bay Area archaeol ogi sts of the 1 970s have recogn ized and attempted to 

address a number of  crucial questions regardi n g  archaeol ogical s i te l ocati on,  

the nature of  subs i s tence and  settl ement systems , the dri ving  or  motivating 

forces which may have i n fl uenced the di rection of prehistoric economies and 
the k i nds of  cul tural adaptations necessary to cope with l ong-term changes 

in the producti v i ty of past ecosystems. I t  i s  hoped that the inventory data 

gathered during the LLNL Site 300 survey may provide additional material for 
the current data bases and future analyses with a view towards answering some 

of the sti l l  current questions of contemporary archaeology. 

Notes 

1 .  An archival s i te record search was performed by the State of Cal i fornia 
Regional Site Survey Offices l ocated at CSU-Stan i s l aus and CSU-Sonoma 
for the LLNL Site 300 area . No prehistoric or hi storic s i tes  are on 
fi l e  at  these two insti tutions for the project area (Appendix I ) .  
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Table 2 

GENERAL IZED CENTRAL CAL I FORNIA PREHISTORIC CULTURE SEQUENCE 

San Francisco Bay , Del t a ,  and Sacramento and San Joaquin Val l eys 

(after Bennyhoff 1 977,  E l sasser i 978 , Fredrickson 1 974a and Wa l l ace 1 978) 

PERIOD I 9000 B . C .  - 6000 B . C .  

PERIOD I I 6000 B : C .  - 3000 B . C .  

PERIOD I I  I 3000 B . C .  - 2000 B . C .  

Paleolndian . Hunting/Fl uted 
Poi n t  ( ? )  

Lower Archa i c .  Col l ecting/ 
Mi l l i ngstone 

Middle Archa i c-Wi ndmi l l er-
West Berkeley .  Hunting/Fishing/ 

Col l ecting  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EARLY HORIZON 

M I DDLE HORIZON 
Early Phase . . . .  
Intermediate Phase 
Late Phase . . .  
Termi nal  Phase . 

TRANS I T IONAL PHASE 

LATE HORIZON 

Early Phase I . 
Mi dd l e  Phase I 
Late Phase I 

Early Phase I I  
Late Phase I I . 

2000 B . C .  - 1 000 B . C  

1 000 B . C .  - 700 A . O .  

700 A . O .  - 900 A . O .  

300 A .O .  - 1 850 A . O .  
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Wi ndmi l l er-West Berkeley. 

(or 1000 B . C .  - 900 A . O . ) 

1 000 B . C .  - 1 00 A . O .  
1 00 A .O .  - 300 A . O .  
300 A . O .  - 500 A . O .  
500 A . O .  - 700 A . O . 

(or 700 A . O. - 1 850 A . O . ,  
or 900 A . O .  - 1 850 A . O . ) 

300 A .O .  - 700 A . O .  
700 A . O .  - 1 1 00 A . O .  

1 1 00 A . O .  - 1 500 A . O .  

1 500 A .O .  - 1 700 A . O .  
1 700 A . O .  - 1 850 A . O .  



ETHNOGRAPHY 

Introduction 

The l ocation of the Lawrence Livermore National Laboratory ' s  S i te 

300 fal l s  within the tribal boundaries  of two di fferent Cal i fornia Native 

American groups - the Costanoans or Ohlone and the Northern Val l ey Yokuts 

( c f .  Levy 1 97 8 ;  Wal l ace 1 978;  Bennyhoff 1 977 ; Heizer 1 96 6 ;  Kroeber 1 92 5 ) .  
Researchers are i n  some doubt as to the grou p ( s )  present i n  the Corral Hol l ow 

region with the general consensus that the area was probably  uti l i zed on a 

sporadic bas i s  by both groups for marginal hunting and gathering ( c f .  Levy 

1 978 ; Wal l ace 1 978 ; Cook 1 95 5 ,  1 957 ; Cutter 1 950;  Bennyhoff 1 977 among others ) .  

Costanoans 

One of the aboriginal groups belonged to a group of tribes known as the 

Costanoans ( from the Spanish  Costanos or "coastal peopl e" ) ( Fi g .  3 ) .  The 

group bel i eved to have uti l i zed the S i te 300 area i s  thought to be the 

Chcchenyo Costanoans (or  East Bay Costanoans ) with a pre-contact estimated 
population of 2000 i nd i vidua l s  (cf .  Levy 1 978;  Thompson 1 957 ; c f .  Gal van 1 968 : 

1 2 ) .  
Costanoan i s  a l anguage of  the Penutian l anguage fami l y  ( cf. Broadbent 

1 972 : 5 5 )  with seven to ei ght known dial ect areas ( c f .  Krober 1 925 :463-465 ; 

Levy 1 978} ( Fi g .  3 ) .  Pre-contact ethnographic  data on this  group i s  sorely 

l acking  due to the effects of  missioni zation , di sease and subsequent a l teration 

of the traditional l i feway.  Survivors from thi s period often l eft thei r home 
territori e s ,  undergoing extreme and organized pressure to assimil ate into the 

l arger society, and i n  general experi enci ng the di scrimination and deprivation 

of a di spossessed peop l e .  Anthropologi sts place present estimates for persons 
of Costanoan descent in the Bay Area at over 200 (cf .  Galvan 1 968 ; Levy 1 978 ) . 

With respect to ethnographic i n forma tion on the contact-period Costanoans ,  

Levy ( 1 978 ) has presented the most thorough synthe s i s  of the presently ava i l 
able data . The bri ef ethnographic sket�h below rel ies heavi l y  on h i s  synthesi s .  
Theodoratus et al . ( 1 979)  and Bi ckel ( 1 976 } present other revi ews of Costanoan 

ethnography whi l e  King { 1 977 , 1 978 ) deta i l s  additional ethnohistoric i n formation 

on the Costanoan groups of the Santa Cl ara Val l ey .  
Linguistic evidence points to A . O .  500 a s  the date when the Costanoans 

moved i nto the area replacing earl ier Hokan ( ? )  speakers . This apparent 
move roughly  coincides with the appearance of the Late Horizon arti fact assem-
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blages . I n  1770,  the Costanoans were l i ving in 50 separate pol i ti cal l y  

autonomous nations or tribelets - each o f  which had one o r  more permanent 

vi l l age s i te s .  During various time of the year , groups l e ft the v i l l ages for 
temporary camps at scattered l ocations i n  the tri bl et • s  territory to engage i n  

fi shing,  hunting and the col l ection o f  seasonal plant foods.  The average tribe

l et number some 200 individua l s  with a range of SO to 500 persons. The l arge 

tribl ets usual l y  had several permanent v i l l ages l ocated close to one another 

( Levy 1 978 ) ,  
The terri tori al  boundaries were cl early defined by phys iographic features 

and hosti l e  nei ghbors kept each tribelet confi ned . Chi efdomships were i n

herited patri l ineal l y  by the son (or i n  rare cases daughter or s i ster) with 

the approval of  the communi ty .  The c h i e f  was the l eader of  a council of 

elders and h i s  main function was as advisor to the community and as host to 

v i s i tors . The Costanoan indi v i dual was free to pursue l i fe wi thout i n terference 
except i n  time of war (Levy 1 978 :487-488 ) .  

Costanoan kinship  and social organ i zation di ffered to some degree from 

those of o�her Penutian groups. Households were l a rger comprising  ten to 

fi fteen i nd i vi dua l s .  Ethnographic evidence indi cates some occurrence of sororal 

polygnous marriages with co-wives sharing the same residence wi th the c h i l dren . 
Patri l i neal l y  extended fami l i es  are a l so noted with c l an groupings within deer 

and bear moi eties . Kinship termi nology indicates possi bl e  cross-cousin marriage 

and appears to be a practice due to the heavy infl uence by the Sal i nan to the 

south ( Levy 1 978 :488 ) .  

Warfare was a practice among the Costanoans and was commonl y  caused by 

territorial i n fringements . Captives were k i l l ed (excluding young fema l es ) ,  

heads taken as trophies and enemy v i l l ages burned. The chief weapon was the 

bow and arrow. Trade relations are revealed i nd i rectly by l i nguistic evidence 

i n  the use of borrowed words for items not avail able l ocal l y  by Costanoa n ,  

Miwok, Yakut and Salinan groups .  Mussel s ,  dried abalone shel l s ,  sal t and 
cinnabar were commonly exported , whi l e  pinon nuts,  obs idian and c l am shell 

d i s k  beads from the east are the only known imports ( Levy 1 978 :487-488 ;0avis 

1 961  ) . 

In rel ig ious practice the Costanoan regarded prayers and offerings to 

the sun as important.  Meal and smoke were common offeri ngs . Dreams and omens 
aided and guided future personal action�. whi l e  shamans control l ed natural 

events by dancing and cured serious i l l ness and injury by suck ing and the use 
of herbs . Wi tchcraft was practiced by the gri zzly bear doctors (Levy 1 978 :489-
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490 ) .  
Music for the Costanoan was closely connected with ritual and myth. The 

musical form i s  described as relaxed, non-pul sating with the "rise"  type of 

form and movemen and closely resembles Yuman styl e .  Ins truments incl uded bird 
bone whi stles , a l der flutes , spl i t  stick rattles of l aurel wood , cocoon rattles 

and a stringed i nstrument pl ucked with the fingers . 

At puberty girls  observed the menstrual avoidances s imi lar  to those of  

post-partum and were removed from male contact whi l e  boys were i n i tiated into 

a datura society where they were given a hal l uci nogen to induce vi sions 

necessary for entrance into manhood ( levy 1 978:490 ) .  

Marriage was i n forma l l y  marked by a gi ft exchange to the bride 1 s  k in  and 

foll owed by patrilocal residency. Di vorce occurred not i n frequently but the 

chi l dren remained with the mother .  The death of  a member was observed by the 

mourni ng of the widow and other fema l e  k i n  by cutting of the hai r ,  smearing of 

the face with ash or asphal t  and sel f morti fication of  thei r bodies with a 

pestl e .  Crema tion was co111T1on with i n humation less  corrmon as a result of  a 

l ack  of  ki nsmen to gather fi rewood for the pyre. The personal belongings of 
the dead were ei ther destroyed in the cremation or buried. The widow observed 

a period of mourning  for one year. The Costanoan had a bel ief  i n  the here

after as the dead were thought 11to go to a l and  across the sea . "  The name of 

the deceased was taboo until given to another. A special suffi x was added to 

the name when reference to the deceased was desired. Levy ( 1 978 :490) postulates 

that annual mourning  ceremonies were probably observed for a l l  the individual s 

who had died the previous year. 
The subsi stence of the Costanoan was that of a hunter/gatherer. Annual 

control l ed burnings insured an abundant regrowth of seed-beari n g  annua l s  and 
i ncreased the forage areas of l arger game. The acorn ranked high among plant 

foods . Harvesting was done by long poles to knock them to the ground. They 

were gathered, ground and leached of tanni n .  Bread and mush were the favored 
food forms . Other nuts incl uded Cal i fornia l aurel , hazel nuts , and buckeyes . 

The seeds of numerous plants were gathered and parched i n  trays . Other seeds 

were crushed to make meal . Berries and wi ld  grapes were dri ed. Roots of  

various plants were eaten alon g  with green shoots , sprouts and pol l ens . Nearly 
a l l  mamma l s  of every s i ze were trapped or shot by bow and arrow. Hides and 
skins were preserved and used for mats , blankets and robe s .  Waterfowl were 

l ured by decoys and were captured in nets and snare s .  Bolas and cagel i ke 
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traps of twigs were used to capture smal l e r  birds . Eagl es , owl s ,  ravens and 

buzzards were not k i l l ed or eaten . Fish  and shel l fi s h  comprised an important 

part of the diet with steelhead, salmon and sturgeon the major porti on . Spear
ing  and d i p  netting were the ma i n  methods of capture. Mussel s ,  abalone,  and 

octopus were among the corTUTion shel l fi s h  col l ected. Repti l e s  were eaten al though 

toads and frogs were excl uded . Insects i nc l uded yel l ow jacket l a rvae , grass

hoppers and caterpi l l ars (Levy 1 978 : 491 -492 ) .  

Costanoan structures i ncl uded domed thatched houses , wickiups , sweat

houses or temescal s ,  dance houses , and storage structures . The houses ranged 

from 6- 10  feet across with a square doorway and a hearth i n  the center o f  the 

floor. The covering was descri bed as a thatch of tul e ,  a l fa l fa or fern over a 

bent w i l l ow framework . The temescal was an excavated pit in the middl e of a 

stream with the superstructure l a i d  against  the bank. Wicki ups were pol e ,  

brush and plaster wind o r  sunshel ters (Theodoratus e t  al . 1 97 9 : 2 1 ) .  Dance 

enclosures were c i rcular or oval fence-l i ke structures with a door and an 

opposing opening in the rear and usua l l y  l ocated in the v i l l age proper ( Levy 

1 978 : 492 ) .  

Costanoan technol ogy i ncl uded numerous woven items such as baskets , fi sh  

nets , mats , cradl e s ,  ba l sa s ,  traps and snares. Stone tools incl uded mano s ,  

metates , mortars , pestl es , net s i nkers , projecti l e  points , bi faces and other 

items manufactured from ei ther l oc a l l y  avai l able  or i mported materi a l s .  

Cinnabar and hematite were used a p i gments . Bone items incl uded awl s ,  

scrapers and whi stl e s .  Wood was used for the manufacture o f  paddl es , cooking 

uten si l s  and decorative i tems . Shel l was used for ornaments and spoons 
( Levy 1 978:492 ) .  

The Costanoan mal e  usua l l y  went naked whi l e  the fema l e  wore a sma l l  front 

apron o f  braided grasses and rear one of bucksk i n .  Both sexes wore robes of 
woven rabbi tskin or buckskin for protection i n  col d weather. Hair  styles were 

l ong or cropped, women wore bangs . Males had beards or were c l ean shaven . 
She l l  tweezers or hot coa l s  were used to remove faci a l  hai r .  Tatooing  was 

favored as were pierced ears and septums . Jewe l ry consisted o f  shell  pendants 

and feather and bead ornaments (Levy 1 97 8 : 493 ) .  

Social amusements consi sted of gambling  and athletic games . Ba l l  race, 

pl ayed by kicking  a wooden bal l  a l ong a course, and shi nny , pl ayed with a 
wooden puc k ,  were favorites.  Gamb l i n g  games i ncl uded "toussi1 1  where four 

pl ayers try to guess which hand concea l s  a sma l l  wooden tube and ' 'takersia" a 
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a game using a five foot cane and a smal l hoop, the object bei ng to keep the 

hoop spinning  (Cul i n  1 902-1 903:248, 282 , 472 ) .  

Northern Yokuts 
The other abori ginal  group present wi thi n the Lawrence Livermore National 

Laboratory S i te 300 region i s  the Northern Val l ey Yokuts whose westernmost 

boundary was the crest vf the Oiablo Range (cf .  Wal l ace 1 978; Bennyhoff 1 977 ;  

Latta 1 977)  ( F i g .  4 ) .  Little i s  known ethnographi cal l y  o f  thi s northern San 

Joaquin Val l ey group due to their rapid d i sappearance as the result of di sease , 

mi ssion i zation and col onization of the Gol d  Rush.  Wal l ace ( 1 978)  has presented 

a cogent summary of this  group. 

The extant l i ngui stic  data for the group suggests that the Yokuts are 

rel at i vely  recent arrival s i n  the northern Val l ey pos s i bl y  having displ aced the 

earl i er Costanoan s ,  Miwok or both, who had prev iously occupied the country 
( c f .  Kroeber 1 959 :269-277; Wal l ace 1 978 ) .  Pre-contact popu l a tion estimates 

vary wi th recent estimates ranginf from 25 ,000 to 31 ,000 (Cook 1 955;  Baumhoff 

1 96 3 ) .  The native population was not evenly distri buted wi th  the highest 

densities  present on the l ands bordering the San Joaquin River and i ts ma i n  

tributaries ( 1 0+ per square mi l e ) .  The p l a i ns density has been esti mated at 

2-3  inhabitants per square mi l e  whi l e  to the west, the popu lat ion ,  concentrated 

on semi permanent watercourses wel l  within the foothi l l s ,  was much sparser 

(Wal lace 1 978 :463 ) .  

Northern Va l l ey Yokut ' s  subs i stence was oriented around a gathering/ 

hunting 1 i feway di rected towards the seasonal expl o i tation of pl ant,  anima l , 

and fish  resources . F i s h  and water fowl were important di etary i tems and 

were taken by variety of capture methods . Bi g-game hunting of deer, e l k  and 

antelope was probably a marginal subsi stence acti v i ty (cf .  Wa l l ace 1 978:464 ) .  

The harvesting o f  wi l d  pl ant foods ,  especial ly  the acorn , was of prime impor
tance. Seeds of various types were a l so coll ected as were tule root s .  The 

Yokuts a l so practiced the regul ar fi ring of native vegetation to improve and 

promote the fol l owing year ' s  seed crop ( c f .  Cook 1 960;  Wal l ace 1 978 ) .  

C l othi n g  was s i mpl e ,  probably s i mi l ar to the Costanoans , and personal 
adornment con s i s ted ot marine shel l necklaces probably secured through trade 
(Wal l ace 1 978 :464 ) .  Facial tatooing was practiced.  

The usual dwel l i ngs consi sted o f  sma l l , l i ghtl y bui l t  structures 

covered wi th tul e sta l k s ,  apparently woven i nto mats . Two other speci a l i zed 
structures are a l so known - the sweathouse and ceremonial  assembly chamber 
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( Wa l l ace 1 978:465 ) .  
Twined and coi led  basketry was made from local pl ant material s .  Stone 

mortars , pestles and chi pped stone tools were manufactured from both l ocal and 

i mported stone. Both bone and wood too l s  and impl ements were fabricated for a 

number of uses . L i ght watercraft of tul es were manufacturi ng for fi sh ing use 

( Wa l l ace 1 978 : 465 ) .  

Trade relations were maintained with a number of  groups i ncl uding the 
Miwok and Costanoans (cf .  Dav i s  1 961 ) .  

Soc i a l  organization i s  very poorly known. It i s  probable  that the fami l y  

unit was domi nant . Kroeber ( 1 92 5 : 493)  has suggested that a totemic moiety 

system based on patri l i neal descent prevai l ed among this  Yokut group based on 

thei r association with the southern Yokuts and upland Miwok. The Northern Val l ey 

Yokuts were d i v i ded into tri bes of  approximately 300 or so individual s .  Most 

members of the tribe l i ved i n  one principal settlement under the di rection of 

a headma n .  Smal ler  communities o f  varying si zes exi sted within each grou p ' s  

terri tory ( Wa l l ace 1 97 8 : 466 ) .  Seasonal excursions for gathering and hunting 

were made from the princ i pal  v i l lage by the fam i l y  uni t s .  

Warfare, usual l y  on the l evel o f  petty hoti l i ti e s ,  did occur between 

nei ghboring groups al though this was the exception rather than the rule (cf.  

Wal l ace 1 978 :466-467 ) .  

Very l i ttle i s  known concern ing  the rel i gious bel i efs and practices of 

the l ower San Joaquin Indians . Ethnographic  data gathered from the bordering 

tri bes suggests participation in the datura and Kuksu ritual systems al though 
the evi dence for the Kuksu cult i s  open to some question (cf .  Wal l ace 1 978 :  

467-468 and the references therei n ) .  Shamanism was  undoubtedly practiced 

al though l i tt l e  data are avai l a bl e  for this  or other ceremoni es concerned with 

birth, puberty and death. Death was fol l owed by either cremation or i nhumation 

i n  a flexed position ( Wa l l ace 1 978 :468 ) .  
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H I STORIC OVERV IEW 

Introduction 

Corral Hollow and Lawrence Li vermore National Laboratory ' s  Site 300 
project in particular straddle both Murray and Tulare Townshi ps of Alameda and 

San Joaquin Counties respectively.  The regional transportation corri dor , 

Corral Hol l ow Road, i s  l ocated al ong the southern boundary of LLNL Site 300. 

During the Hi spanic Period, the road , creek and canyon were known as 

"Buenos Ayres "  or "Buenos Aires" ( " Good Winds " )  with the present name of 

Corral Hollow apparently due to the i nfl ux of  Euro-American i n fl uence during 

the American Period of settl ement . At present the flow of water through 

Corral Hol low Creek has been reduced considerably on account of the Hetch-Hetchy 

Reservoir system and no longer poses a flood threat during times of heavy 

rainfal l as i n  the past (cf .  W i l l i ams 1 956-58/1 975 ) .  

Various county h i s tori es have vi ewed the mountai nous terrai n  of  Corral 

Hol l ow as on ly  sui ted to stock rai s i n g  (Wood 1 883 :457 ;  G i l bert 1 968 : 1 28 ) .  
The area was so devoid of popu l ation during the l ate 1 9th century that Robert 

Li vermore , of the hi storic Livermore c l a n ,  apparently a l l owed hi s cattle to 

roam from the Amador Val l ey into the San Joaqui n  River ( Wood 1 883 : 461 ) .  

In  addition to stock rai s i n g ,  minera l s  and timber were a l so recogni zed as 

si gni ficant resources i n  Corral Hol l ow .  Though few trees rema i n  today, 

steam powered wagon tra i n s  were used to harvest timber in Corral Hol low 
c i rc a .  1888 (San Joaquin County Hi storical Society 1 973 : 1 4 ) �  

Prior to the extension o f  the rai l road system to the area i n  the 1 890s ,  
the residents of  the Corral Hollow region depended upon the s i ngle mai n  road 
now known as "Corral Hol l ow Road . "  The expansion of the ra i l road was not 
due to the ranching  acti vities  but was the result of mineral expl oi tation . I n  
time three town s i tes  were establ i shed i n  Corral Hol l ow - the m i n i n g  town of 

Tesl a ,  and the manufacturing  fac i l i ti es of Pottery at Walden Spur and 

Carnegie i n  the v i c i n i ty of LLNL Site 300. The i ni ti al dependence on coal , 

the sole resource at Tes l a ,  was l ater suppl emented by the mining  of c l ay and 

the production of pottery and fi red bricks at Pottery and Carnegi e .  This  

marr i a ge of  mi ning  and manufacturing was responsible  for the explosive growth 
of the western area adjoi ning  LLNL Site 300. 
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Ultimately thi s dependency on a single  resource and product was 

respon s i bl e  for the demise of the town s .  As company towns the towns were 

planned, flourished and died within the remarkably short time span of 1892 to 

1 9 1 2 .  The prior pattern of stock rai sing  and i sol ated on- s i te residence pattern 

continued throughout the industrial period. Thi s same pattern , with the 
exception of Site 300 and the state recreational park , i s  sti l l  v i able wi thin 
Corral Hol l ow today. 

Sources 

The h istorical portion of this  report has re l i ed on the resources of 

the Bancroft Li brary of the University of Cal i forn i a ,  Berkeley and the 

manuscripts on fi l e  in the Stockton and Tracy branches of the the Stockton 

San Joaquin Publ i c  Library. Addi tional material s were consul ted from the fi l e s  
of the LLNL Site 300 l i brary. 

The manuscripts of Earle E .  Wi l l iams form the si ngle most important set 

of documents on the Corral Hol l ow area from the Hi spanic to the Late American 

Peri o d .  A more i ntensive hi storical review of the Corral Hol low District 

would i nc l ude consul ting  the col l ections of the Hi storical Societies of both 

Alameda and San Joaquin Counties as wel l as the personal col l ections o f  

Earle E .  Wi l l iams (Tracy) and Lou i s  L .  Stein ( Berkel ey ) .  Further l i brary 
research on the mines and ceramic industry i n  the Bay Area should al so be 
undertaken a l ong with a detailed county records searc h .  No photographs of 

the Corral Hol l ow area are presently avai l able aside from several early views 
of Carnegie in various publ i cation s .  Undoubtedly early �hotographs of this  

area are extant but the scope of this  project d i d  not a l l ow for thei r l ocati on . 

Period (ca . 1 750-1850) 

The H ispanic Period was an era of both exploration and nationa l i stic 

expansion undertaken first by Spain and then continued by Mexico .  For the 

most part, the emphas i s  of these programs was upon the assessment of geo

graphical resources . None o f  the expl oratory parties entered the Corral Hol l ow 

region al though the expeditia.n led by Pedro Fages reached the southern rim of 

the San Joquin Val l ey i n  1 77 2 .  The party of Captain Juan Bautista de Anza , 

commi ssi oned by the Vi ceroy o f  Mexico , Anton i o  Maria Bucare l i  y Ursua , was 
the first group to actua l l y  enter the San Joaquin Val l ey in April of 1776 

(Wil l i ams 1 956 : 1 0 ) .  Captain Bautista was accompanied by Father Pedro Font and 
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Li eutenant Jose Moraga who were seeking to find a route from 11El Rio Grande 

de San Franci sco" to the Si erra Nevada. Their trek began after Christmas i n  

1 775 and ended rather abruptly o n  account of the combi nation o f  impassable 

tul e  patc�es and tule burn i n g  a l ong El  Rio Viejo by the Native American i n 

habitants o f  the region (Wil l i ams 1 956 : 1 0 ) .  In returninq to Monterey, the 
de Anza party camped just west of Corral Hol l ow i n  Ca l l agham Gulch on April 

4 ,  1 776 (Anonymous 1 976 : 2 ;  W i l l i ams 1 956 : 1 0 ) 1 . Cal l aghan Gulch is l ocated 

5 or 6 mi l es to the west of Corral Hol l ow in a region characterized by Font 

as , " I t  appeared to me that the country i s  so bad that it could not easi ly  be 

inhabited by human bei ngs.  At l east I was l eft with no desire to return to 

travel through i t ,  for besides the smarting of the eyes which I brought 

from there, and the fever i n  my mouth whi c h  I had corrected but which today 

returned to assa i l  me ,  I have never seen an ugl ier country" (Wi l l iams 1 9 56 : 1 1  
( from Bol ton 1 930 ) ) .  

The next Spanish partyunder the l eadership of Gabriel Moraga was sent 

by Governor Jose Joaquin de Ari l l aga i n  1805 from Miss ion San Jose i nto the 

"Va l l e  de l os Tulares" or the San Joaquin Va l l ey to review the Indian problems 

and l ocate s i tes appropriate for missioni zation (Wi l l i ams 1 956-58 ; 2 , 5 ) .  Al though 

Moraga did  not explore even the periphery of the Corral Hol l ow area, he did 
ford the San Joaqui n  River just south of present-day Stockton and expl ored 

the entire l ength of the Cal averas R i ver.  Fortunately for the Native 

Americans l ocated in the i nterior Moraga fa i l ed to l ocate sites suitable 

for the construction and support of a mission ( s )  (Wi l l i ams 1 956-57 : 5 ) .  
rn 18 10  Father Jose Viades accompanied Gabriel Moraga on hi s second 

reconna i ssance through the area of Pescadero (Bethany) to the north of 

Corral Hol l ow ( Beck and Hasse l 974 :No .  21 ) .  The Mexican wars for 
independence from Spain curtai l ed the expedi tions and settl ement throughout 

Alta Cal i fornia (Beck and Hasse 1 97 4 : No .  41 ) .  With the transfer of Alta 
Cal i fornia to Mexico i n  1 82 2 ,  the mi l i tary concentrated on the recovery of 

stolen anima l s  and l i miting attacks by Indians on town s ,  missions and 
ranchos. Further, no major expeditions were corrmissioned but rather, the 
pol i cy was toward private settl ement (Beck and Hasse 1 974 : No .  22 ) .  As a 

result  of  thi s pol icy ,  l and grants were made to individua l s  during the 
l atter part of the Mexican Period ( 1 828-1846) in contrast to the Spanish 
Period practice of granting only the rights of settl ement and grazing 
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pri v i l eges (Beck and Hasse 1 974 :No . 24 ) .  

Corral Hol l ow Road was part o f  the El Camino Viejo,  the "Old Road" 
of the Hi spanic Period from about 1 795 . At this  time the road was known as 

the "Camino del l a s  Buenos Ayres" or 1 1Aire s . 11 The road ori ginated in the 

south at San Pedro and continued through the San Joaqu i n  Val l ey a l ong the 

eastern s l ope of the Coast Range foothi l l s  ( the El Diablo range) unti l 

reaching Corral Hol l ow i n  San Joaquin County. The route then proceeded wester

l y  over the summit and down Arroyo Seco (Dry Gul c h )  to the Las Positas 

( Li vermore ) Valley,  over Vall ecitos and through the Sunol Val l ey .  I t  continued 

over Mission Pass to Mi s s i on San Jose de Guadal upe and then west to i ts 

termi nus at Yerba Buena ( San Franci sco ) (Wi l l i ams 1 965 : 1 1 ) .  I t  shou l d  be 

noted that the Corral Hol l ow road was not a major road such as a Camino Rea1 2 . 

Accord i n g  the E . E .  Wi l l i ams , a l ocal hi stori an , the o l d  Span i s h  trai l s  

foll owed the val l ey rims , that i s ,  along h igh  ground, not al ong creeks and 

canyons as used by the game and abo.ri ginal groups. The justi fi cation for 

thi s upland pl acement was supposedly for the better footing provided through

out the year and the access to fresh water every 1 0  to 1 5  mi l es at springs 

and pools (Wi l l iams 1 965 : 3 ) .  The position of the Corral Hol l ow Road 
contradicts the traditional upland road l ocation but i t  must be noted that 

Corral Hol l ow i s  the most southerly ex it  through the Diablo Mounta i n s ,  a 

spur of the Coast Range. As part of the El Camino Viej o ,  the road served as 

a conduit for the movement of travelers and settlers as wel l as for the annual 

spring cattle dri ves which occured from 1808 to 1 849  as part of the annual 
Matanza cyc l e  (cf .  Bente 1 980 ) .  The hides and tal l ow recovered as part o f  

t h i s  cattle ra i si n g  cycle formed the economic bas i s  of the economy of western 

North America as well a s  constituting a major forei gn export product during 

the Hi spanic and Early Americ�� Periods (Wi l l iams 1 965 : 1 0 ) .  

The noted h istorian Jacob Bowman studied the disenos (maps) o f  l and 

grants for the period c a .  1835 to 1 846 and includes some i n formation on 

Corral Hol l ow Road ( Bowman 1 946 ) .  He concluded that the topographic features 

of Corral Hol l ow Canyon, Creek and Road found on contemporary maps , first 
. 

appeared as the Portezuela ( pa s s )  de Buenos Ayres on the di seno o f  Las Positas 
(Gudde 1 96 9 : 7 5 ) .  The Mexican l and grant of Las Positas was located to the 

northwest of the Corral Hoi l ow region (Beck and Hasse 1 974:No . 30 ) .  By the 

1850s the name of "Cora l l "  replaced the Arroyo Buenos Ayres on the map as 

drawn by Trask and Goddard (Gudde 1 969 :76 ) .  The name change may be attri buted 
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to presence of a l arge corral used for wi l d  horses whi c h  was located at the 

mouth of the canyon (Gudde 1 96 9 : 76 ) .  Conversely the l ocal oral and written 

tradition ascribes the present name of Corral Hollow to the misspel l i ng of 
the surname of Edward B .  Carrel l ,  one of the owners of a road house l ocated 

on the eastern end of the hollow (Gudde 1 96 9 : 7 6 ;  Wi l l i ams 1 961 : 1 ) .  Apparently 

confusion was minimal because as even as l ate as 1 87 9 ,  Thompson and West 

i l l ustrate a transition wi th both "Arroyo Buenos Ayre� or, Carral Hol l ow'' 
( Fi g .  7 ) .  

The l ocation of ranchos/land grants and the i r  rel ationship with the 

Corral Hol l ow area as outlined by Beck and Hasse i ndi cate that Corral Hollow 

Road was not a major route between ranchos or even mi ssions or a pres idio  

(Beck and Hasse 1 97 4 : No s .  2 8 ,  30 ; Bowman 1 946 : 5 ) .  As far as can be determined, 

there were no adobe structures wi thin the Corral Hollow region - a factor 

which would have fostered a road network to the east and west ( Bowman 1 951 ; 
Hendry and Bowman 1 940 ) . 

The l ack of Hi span i c  settlement i n  the Corral Hol l ow region i s  related 

to two major envi ronmental factors - the h i l l y  terrain and the l ack of 

potable water.  The l ack of  abundant water and by extension navigable waterways , 
prevented easy access with the other economic centers i n  the state. Thus , 

the original residents arrived gradua l l y · and concentrated on enterprises 
demanding minimal capitali zation such as ranching .  The area was not di rectly 

explored during the Span i s h  period of di scovery or exploration . Nonetheless , 

i t  did  reflect the transition from Spani sh to Mexican rule i n  that thP. region 

was part of a road network related to ranching but was consi dered i nappropri ate 

for mission i zation or l and grants whi c h  were characteri stic  of the Hi spanic  

cul tural pattern. 

American Period 

Toward the end of the H ispanic Period, i sol ated forays were made i nto 

Alta Cal i fornia by Canadian and American frontiersmen. To the east of 
Corral Hol l ow ,  i n  the San Joaquin Val l ey ,  the earl iest Americans were trappers 

. 

and i nc l ude such notables as Jedediah S .  Smi th , 1 925-1827 and John M .  Leod , 
1 827-1 828 ( G i l bert 1 968 : 1 0-1 1 ) .  The arrival of French-Canadian trappers i n  
the val ley i n  1 828 was associated with the Hudson Bay Company and with the 
Cal i fornia -Oregon tra i l  whi c h  extended from Fort Vancouver to French Camp. 

Trappers and their fami l i e s  returned to this  area , known as "Castoria'' 
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repeatedly until about 1845 ( Wi l l i ams 1 958 : 1  ) .  Other l ess establ i shed trappers 

who ventured into the San Joaquin Val l ey were Ewing Young in 1 829,  1830 and 

1832 and Michel La Framboi s e  i n  1 832-1833 (Gi l bert 1 968 : 2 0 ) .  

Proceeding  cl oser to the Site 300 study area, the first American residents 
within San Joaqui n · County settled a l ong the Upper Sacramento Road whi l e  the 

second concentration was located at the mouth of Corral Hol l ow .  The Corral 

Hol l ow contingent arrived early i n  November of 1846 in four covered wagons under 

the co1T111and of Captain Charles Imas (Wi l l iams 1 965 : 8 ) .  The party members 

consisted of Captain !ma s ,  h i s  brother (Christian name unknown ) ,  John W .  Laird, 

his brother Wi l l i am Laird and brothers John F .  and Thomas Pyle ( W i l l iams 1 965 : 9 ) .  

These men and presumably thei r fami l i es  pitched thei r tents on the high ground 

of the fork of the El Camino Viejo near the future s i te of "Wri ght ' s  Zink  House" 

( Wi l l i ams 1 96 5 : 8- 9 ) .  The pl acement of the Zinc House i n  1850 was approximately 

500 yards north of the Cali forn i a  Regi stered Landmark No . 755 l ocated to the 

east s i de of S i te 300 (San Joaquin  County Hi storical Soci ety 1 966 ) .  The Laird 

Brothers continued to l i ve i n  their tents near the Zink  House after i ts construc

tion in an area known to have been an Indian v i l l age (Wi l l i ams 1 96 5 : 9- 1 0 ) . 
The year 1 847 brought problems between the new settlers of Corral Hol l ow 

and the Indi ans . The confl i c t  was rumored to have been i n i tiated by a 

"renegade Mexican" who d i s puted the "possesion of Cal i fornia with the 

Ameri can . "  As a resul t of thi s turmoi l ,  whi c h  had a great impact on the San 

Joaquin Va l l ey,  Captain Charles Weber of Stockton reportedly returned to San 

Jose via  Corral Hol low Road 11 • • •  l eaving four thousand head of cattle and h i s  

possessions to the mercy o f  the Indians . . .  " ( Wi l l i ams 1 965 : 1 7 ) .  

After the di scovery of gold January 1 9 ,  1848 at Sutter ' s  Mi l l , some of  

the first gol d  rush horde of Spaniard s ,  Mexicans and Americans travel l ed 

through Corral Hol low. These fortune seekers went east and north to the south
ern part of the Mother Lode traversing ei ther the expanse of the San Joaquin 

R i ver or via  the more i ndirect,  but l ess arduous route of the experienced 
travel er al ong the El Camino Viejo south (Gi l bert 1 968 :20;  Wi l l iams 1 965 :21 -22 ) .  

In the 1850s , the wealth of the San Joaquin Va l l ey continued to be 

exploited by hunting parties . Migrating honker geese were k i l l ed and processed 

so that the feathers were shi pped for sale in San Francisco; fat rendered for 
the Jewish trade ;  and , the meaty thigh and breast meat dried and exported to 

China (Wi l l i ams 1 956 : 2-3 ) .  Thi s  massive "harvesting" hel ped to hasten the 

demi se of the native fauna and in combination with the drought of 1864 
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i rreparably al tered the ecology. The general trend from wi l d l i fe hunting 

and trapping to ranching ,  wheat growing and other such sedentary pursuits was 

then repeated in the San Joaquin Val l ey (Gi l bert 1 968 : 1 3 0 ) . 

The i ncrea s i n g  traffic between the west to the eastern s i de of the Coast 

Ranges was accompl i shed by travel l i ng through one of  three passes . In 

addition to Corral Hol l ow, Patterson Pass to the north was used as was Al tamont 

Pass s ti l l  further to the north (Wi l l i ams 1 975 : 1 ) .  A tavern was bui l t  a l ong 

Corral Hol l ow Road to take advantage of  the movement through Corral Hol l ow .  

The bui l ders o f  the onl y  American tavern along the El Camino Viejo arrived 

in Corral Hol l ow in 1 849 when they returned from mining in the Tuol umne area 

(Wi l l iams 1 960 : 1 ) .  Horatio P .  Wri ght,  Wil l i am H .  Brayton and John A .  

Stockholm erected this  bui l d i n g ,  known a s  the "Zink  House" , from material s 

purchased in  Stockton and hauled by wagon to the s i te .  Thi s  tavern , on the 

mail route, served both Americans and Mexi can s .  I t  provided alcoho l i c  

beverages , food and suppl i es for both Corral Hol l ow residents and transients 

(Wil l i ams 1 960 : 4 ) .  Upon the murder of Brayton on October 24, 1850,  reportedly 

for the gol d  accumula ted for services provided to the miners , Edward B .  

Carrel l became a part owner of the "Zink House" ( Wi l l iams 1 960 : 4 ) .  

In addition to the tavern several other establi shments were set up i n  

Corral Hol l ow t o  serve the road traffic . One of  these was a combination 

gamb l i n g  and entertai nment tent which had been moved from Sonora to Tuolume 

C i ty to Corral Hol low.  The relocation was superb since Corral Hol l ow was a 
major access road between the coast region and the southern mines . The 

enterpri se l asted onl y two months from i ts i ni ti al arrival in December 1 850 

on account of  the murder of four men i n  the tent (Wi l l iams 1 973b :20 ) .  In 

addition to the road traffi c ,  the Henry C .  Lee Li tt l e  South American C i rcus 
( l a ter the Lee and Marshal l ' s Great National C i rcus , 1852;  and Lee and 

Bennett ' s C i rcus , 1 85 7 )  was one of the annual trekkers through the Corral 

Hol l ow Pass from 1 850 to 1 859  ( Wi l l i ams 1 975 : 1 - 2 ,  6 ) .  Each year the c i rcus 

travel l ed from i ts headquarters i n  San Francisco to Howard ' s  C i rcus Ranch i n  

Stockton and on to the Mother Lode towns a s  part o f  i ts annual tour (Wi l l i ams 
1 975 :7 ) .  

Hi ttel ( 1 861 ) i n  h i s  account of James Capen Adams , better known a s  
Gri zzl y Adams , states that Corral Hol l ow Pass was used intensively by the 

"mounta i n  men . "  Whi l e  Gri zzly Adams was hunting and capturing grizzly bea r ,  
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cougars and the l i ke i n  the Corral Hol low area , he noted three hunters from 

the "Redwoods "  a l ong with another group of adventurers from Kern River .  Adams 

also  recogni zed the presence of coal and sul phur springs i n  the Corral Hol l ow 

area ( H i ttel 1861 : 31 1 -31 2 ) .  Adams bui l t  three bear traps i n  1855 (Wi l l iams 

1 975 : 8 )  and with Charley Foster bui l t  a hunter ' s  cab i n  at the mouth of 

Mitche l l  Ravine ( l ocated to the west and south of Pottery) i n  1856 (Wi l l iams 

1 956-58/1 975 : 9 ) . Horatio P .  Wright ' s  diary of the Zinc House incl udes the 

suppl i es furni shed for Grizzly Adams among whi ch were "2 bottles of cologne , 

large quanties of sugar and syru p ,  shot and powder , sheet i ron,  l umbe r ,  nai l s "  

and cash loans to the "bear man" total l i ng $124 . 56 (Wi l l iams 1 960 : 5 ) .  

Between 1854 and 1 857 Cal i fornia was i n  a depress ion .  This apparently 

l ed to the excavation of a prospect tunnel in Corral Hol l ow (Wi l l i ams 1 975 : 7 ) . 

Thi s  event began i n  1856 with s heepman John O ' Brien devel oping a coal outcrop 
which had ori ginal l y  been di scovered by a man known only as "Bake r . "  The 

0' Brien Ranch was s i tuated on the extreme western part of the " gulch  of 

Corral Hal l ow in Al ameda County adjoin ing  the San Joaquin County l i ne" 

( that i s ,  wi thi n LLNL S i te 300) (Ward and Wi l l iams 1 971 : 3 ) . Wi th Edward Carrel l 

of Zinc House fame as both a friend and business partner ,  O ' Brien succeeded 

in the development of what was known as the "Eureka" seam which was l ater to 

be incorporated into the Tesla Mines . The mining  acti vities of Q ' Brien and 

Carrel l at Baker ' s  Ravi n e  started on January 1 ,  1857.  

Henry C .  Lee and David Howard of the Great National Ci �s also pl ayed 

a part i n  the early development of the coal deposits i n  Corral Hol l ow 

(Wi l l iams 1 975 :6-7 , 1 0 ) .  O ' Brien secured a l oan for the mining operation 

from Lee in March of 1857.  David  Howard , who was the third partner i n  the 

i n i tial  organization of the Pacific  Coal Mine ,  helped to fi nish  the prospect 

tunnel using c i rcus equi pment (Wi l l i ams 1 975 : 6 ,  8 ,  1 0 ) .  The financial arrange

ment between O ' Brien, Carrel l and Lee resulted in a one quarter ownership  of 

the mine for Lee. O' Brien h i red a Dr. McCl i n tok at $40 per month to cook and 
a blacksmith in San Francisco at the rate of $50 per month (Wi l l iams 1 975 : 8 ) .  

Charley Foste r ,  a compatriot of Gri zzly Adams and who l i ved i n  the cabi n 
bui l t  by the two , a l s o  l a bored i n  the prospect tunnel i n  1 857 and 1858 

(Wi l l i ams 1 956-1958/1 975 : 9 ) . Work on thi s  tunnel was fi ni shed on Saturday, 
August 7 ,  1858.  During these operati ons , Carrel continued h i s  search for 

additional capital i n  San Franci sco. When the Paci fi c Coal Mining  Company 
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was forma l l y  consti tuted , Carre l l  reportedly took a "note for $6000" (Wil l i ams 

1 960 : 6 ) .  The Eureka Mining Company came i nto exi stence after Carrel l ,  unable 

to meet the note . transferred h i s  share to F. Griffings on May 21 , 1 860.  Thi s  

company l ater became the Commerci al  Coal Mining Company with Carre l l  as the 

pri ncipal  (Wi l l i ams 1 961 : 2 ) . Hi storic maps pl ace the Commerci a l  Coal Mining 

Company i n  Sections 2 9 ,  30 and 32 (T 4S , R 3E)  ( Fi g s .  5-6 ) .  

Coal transportation was v i a  a wagon road to Mohr ' s  Landi ng located some 
1 4  mi les from the Zinc House. This  road was 11put i n  service1' at the estimated 

cost of $500 (Wi l l i ams 1 960 : 6 ) .  A l l  coal was transported on the completed road 

running eastward from El khorn Ravine past the Zinc House and northward to 

Mohr ' s  Landing on the Old River at whi c h  point the coal was l oaded on barges 

(Wi l l i ams 1 960:6-7 ) .  Wheat grown i n  the San Joaqu i n  Val l ey was al so shi pped 
to San Franc i sco in the same manner. Whi l e  the coal mining was not especial l y  
successful , approximately 1 800 tons were shi pped via  this  route to San Franci sco 

and San Antonio ( East Oa kl and)  between 1857 and 1861 (Wil l i ams 1 974 : 1 ) .  

Teamsters haul ing  the coal were furnished room and board at Carrel l ' s  
"White House Corral Hol l ow .  11 Thi s "White House" was a two story house of re

sawed s i ding  bui l t  beside the creek about mi dway between the Zinc House and 

Hog ' s  Back to the east.  Bui l t  i n  1861 , "White House Corral Ho1l ow11 was si tuated 

upon an Indian v i l l age/cemetary s i te (Wi l l i ams 1 960 :6-7 ) . 3 Thus , O ' Brien 

and various backers of the mine were respons i b l e  for ·the second phase of 

economic devel opment within Corral Hol l ow .  The traditional pattern of stock

rai si ng sti l l  conti nued whi l e  the era of coal mining was in itiated. 

In 1861 the Whitney Geologic Survey, lead by Wil l i am H .  Brewer, actua l l y  
sought out the Corral Hol l ow area i n  order to view the traces o f  coal whi c h  
had been found by " some forgotten prospector named Baker" (Wi 1 1  i ams 1 956-1 958/ 

1 975 :25 ) . 4 Brewer and h i s  three assi stants arrived in Corral Hol l ow on 
October 1 0 ,  1861 and took advantage of the recently bui l t  "White House. 11 

The tavern was s ituated at a spring and apparently had the onl y  trees i n  a 
"dozen mi l es . "  Brewer a l so noted that at this  time there was no water i n  
Corral Hol l ow Creek though water was present i n  Mi tchel l Ravine (Wi l l i ams 

1 956-1 958/1 975 : 3 ,  25 ) .  Whi l e  l eading this  geol ogical exploring party, Wi l l iam 

Brewer sent l etters from Corral Hol l ow on October 3rd and 1 2th of 1 861 , and 
again on June 3rd of 1862 . I n  this  correspondence there i s  no reservation as 

. 

to the rigors of the Corral Hol low envi ronment " . . .  we find i t  a most 
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Godforsaken , cheerl ess , i nhospitabl e ,  comfortl ess region" and " . . .  few 

trees grow i n  the bottom of this  Canyon (Brewer 1 930 : 205 ) . "  The lack  of water 

was a problem for the only water consi sted of 11 • • •  some a l kal ine springs 
which neither mul e or I could dri n k  (Brewer 1 930 :200 ) . "  At thi s time , water 

was secured from a deep wel l l ocated at the O ' Brien House some three mi les  

up  the canyon . Thi s  source was i nadequate in  amount and taste , and known 
"to spi l s  ( spoi l )  tea" (Wi l l i ams 1 956-1 958/1975 : 3 ) .  The ori ginal Span i s h  name 

of Arroyo de l o s  Buenos Ayres , that i s ,  "good winds" appears to be l i nked to 

the fierce winds described carrying dust, gra s s ,  sticks and other such debri s 

which contri buted to the di scomfort of  the Brewer party (Brewer 1 930 :206 ) .  
As a geologi s t ,  Brewer was the first to co1T1Tient upon the i nferior qua l i ty 

of the coal found in  Corral Hol l ow .  The pos i tion of the coal beds was a 
compl i cating factor as wel l  for the bedswere found di scontinuously and general l y  

only encountered a t  a 45 degree angl e (Brewer 1 930 : 1 07 ) .  Duri ng the years 

of 1861 -1862,  Brewer noted that only one mine i n  Corral Hol l ow was of any 

consequence and that i t  had sold not over 300 to 400 ton s . 5 As a portent of 
the future, Brewer continued , " I  question i f  any mine here wi l l  ever prove 

profi table ( Brewer 1 930 : 206 ) . "  The great deluge of 1 86 1 - 1 862 began i n  November 

of 1861 and subjected Corral Hol l ow to such flooding that the road was des
troyed .  As a consequence, a l l  coal mi ning stopped and only  a few men opted to 

stay ( Wi l l i ams 1 956-1 958/1975 : 1 2 ) .  
On the death of Edward B .  Carrel , September 5 ,  1 880,  h i s  estate became 

the principal stock holder of  the then inoperative coal properties i n  Corral 

Hol l ow (Wil l i ams 1 961 : 2 ) .  According to the research of Earle E .  Wil l i ams , 

Carrel l spent part of each year i n  San Franci sco where he projected the image 
of a coal baron . Needl ess to say , the coal mi ne  was not equal to the myth 

(Wi l l i ams 1 961 : 3 ) .  

From the Hi spanic Period through to the Twentieh Century, stock rai sing  

was a trad i t i onal pattern i n  the Corral Hol l ow area . In fact ,  the diary of 

Edward Carre l l  di scusses the purchase of a "beef" from Joe Li vermore , son 

of the ori ginal settler John Li vermore who married an hei r to a Mexican 

l and grant (Wi l l i ams 1 975 : 7 ) .  At the time of the purchase in 1 857 , just after 
the infusion of capital from Henry C .  Lee for the coal mine,  Carrell l i ved in 

a tent "on the l edge in the upper gul c h . "  The steer {presumabl y )  was brought 

by Livermore and two of h i s  vaquero s ,  butchered on s i te ,  and hung to age . For 
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h i s  effort Li vennore received payment of  $25 ,  plus  $5 for a previous debt 

(Wi l l i ams 1 975 : 7 ) .  The mention of thi s  debt provides the only evi dence for 

continuous or at the very l east prior relationships between the residents of 

Corral Hol low and Li vermore . Further, the i nteraction with Li vermore suggests 
that the stock rai s i n g  in Corral (Carre l )  Hol l ow was confined to sheep. 

If the maps of Wal l ace , Thompson and West and the i r  accompanying data are 

correct, there was no bui l di ng or mining  structures withi n the boundaries of 

LLNL Site 300 i n  1 870-1878 (Wa l l ace 1870;  Thompson and West 1 878 ; G i l bert 1 968 ; 
Figs . 5-7 ) .  Further ,  the occupations o f  the men l i sted i n  Thompson and West are 

primarily farmers and stock-raisers , al though the Murray township does incl ude 

a miner and a farmer and a miner/farmer combi nation . Thi s  roster of names i s  

on further i ndication of the importance of ranching wi thin the Corral Hol l ow 

region which was ongoing duri n g  the i n i ti al portion of the mining  era . There 

i s  no doubt that a number of great sheepdrives began i n  Corral Hol l ow proper 

(Ri ckman 1 976 : 2 )  and that l i fe i n  the region was extremely precari ou s .  The 

short biographical sketch of sheepherder Henry Comes Banta catalogs the vagaries 

of nature - dry years in 1877,  1 898 , i nterspersed with floods in 1 881 , 1883,  

1890 and the compl ication of market price fluctuations for meat and wool in  
1 894 and 1 895 (Banta 1 9 54 : 4 ) .  

The importance of the ranching pattern within LLNL S i te 300 i s  best 

summarized i n  the short biography of Michael Mul queeney publ i shed i n  1 883. 

Within this sketch, Mulqueeney is i dentified as a native of  Ireland ; an 

emigree to Canada ; and , a Canadian resident for four years . Upon his arrival 

in San Francisco on April 2 3 ,  1868, he moved to Al ameda County. The next 
year, 1869, he purchased the first part of his  hol dings , which by 1 882 were to 
reach ''four thousand acres located about two mil es  from Midway" , that i s ,  

Corral Hol l ow and env i ron s .  The succeeding year Mul queeney doubled h i s  

acreage and he was acknowledged " . . .  k i ng o f  that industry i n  this section 

of the state , having from five to ei ght thousand head of sheep on h i s  range 

(Wood 1 883 : 950 ) . "  Thi s  emphasi s on stock rai s i n g  continues i n  Corral Hol l ow 

though a portion of  the Mulqueeney property , 1202 acres to be exact, was to 

fonn a part of LLNL S i te 300 i n  the 1 950s ( R .  Mul l i n s ,  personal communicati on , 

1 981 } .  
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Late American Period ( c .  1880-1930) 

During the winter of 1 888 coal was scarce. This scarcity and the 

resultant h i gh cost was the consequence of strikes in the mines of British  

Columbia as wel l  as a reduced export market for wheat. Wheat was important i n  

that Engl i s h  coal was shi pped to the Uni ted States onl y  a s  bal l ast  and was then 

exchanged i n  Cal i fornia for wheat (Mosier 1 978 : 1 1 4 ) . Though the coal obtained 
from the Mount Diablo  and Li vermore regions was extremely high in sul phu r ,  i t  was 

considered appropriate for generating steam and used i n  11 • • •  l ocomotives , 
ferryboat s ,  factories and mi l l s  (Mosier 1 978 : 1 1 5 ;  cf.  Tesla Coal Co. 1 900 ) . "  

Corral Hol l ow ,  wi th  i ts minimal resources ,  was a backwater which seems to 

have escaped the rai l road bui l di n g  trend preval en t  from 1865 through 1 880 

(Sandoval n . d . a . : 4 ) .  The bui l d1 n g  of a rai l  l i ne to and through Corral Hol l ow 

had to await capi t i l i zation of the mi ning resources .  The apparent scarcity of  

coal i n  1 888 led to a reassessment of  the  coal depos i ts within the region . I f  

coal was to be profitably expl oited , a more efficient market transportation 

system was necessary. Toward this  end a prelimi nary rai l road survey through 

Corral Hol l ow to the Li vermore coal mines was made in January of 1888 (Mosier 

1 978 : 1 1 5-1 1 6 ) .  Thus , the ori ginal  plan for the transport of coal by ra i l  was 

to proceed from Li vermore to and through Corral Hol l ow .  As projected, this  

road/l i ne woul d  have veered off of  the Western Pac i fi c  Ra i l road a t  George May ' s  
crossi ng , 2 . 5  mi l es south of  Li vermore , and run east following the foothi l l s  

(Mosier 1 978 : 1 1 6 ) .  This  l i ne was not bui l t .  

I n  the early 1890s , the noted San Francis�o financi ers , the Treadwel l 

brothers , initi ated a move to purchase a l l  the outstanding shares of the 

Commerci a l  Coal Company. At thi s time , share val ues were as l ow as $2 - a 

marked contrast to the earl ier par value of  $10 per share (Wi l l i ams 1 961 : 3 ) .  

As stated earl i e r ,  the predecessors of the Tesla Coal Mines of the Treadwel l 
brothers were the Commerci a l  Coal Company , the Eurek? Coal Mine and the 

Pac i fi c  Coal Mines (Wi l l i ams 1 956-1958/1975 : 3 ) . The Convnerical Coal Mine,  

l oca�ed midway al ong Corral Hol low Road , i s  not within the southwestern 

boundaries of LLNL S i te 300 (Thompson and West 1878; Gi l bert 1 968 ; Wal l ace 

1 870;  Figs . 5-7 ) .  In addi tion , the Li vermore Coal Company, proba bly active i n  
the 1 870s , was l ocated i n  the mid-Corral Hol l ow area as indicated by the 1 878 
map of Thompson and West ( 1 878) of Al ameda County ( F i g .  6 ) .  The Tesla Mine 

2F-39 



system incorporated a l l  of the individual mines as i l l ustrated i n  the 1 907 

map by Barze l lotti ( Fi g .  1 1 ) .  

The Treadwe l l s  and thei r associates proceeded to develop the mines at  

Tesl a  named i n  honor or the inventor Nicolai  Tes l a .  The improvements , of 

reportedly a mi l l ion dol l a rs ,  incl uded the bui l ding  of a ra i l road to the tide

water i n  Stockton. In time , two pottery manufacturing plants were bui l t  -

one at "Pottery" l ocated at Walden Spur i n  the middl e o f  Corral Hol l ow ,  and 

the other, Carnegi e ,  further to the east (Wi l l iams 1 961 : 3 ) .  The impact of 

the branch rail road on Corral Hol l ow was immens e .  The spur ran al ong Corral 

Hol l ow Road from the east al ong the southern border of LLNL Site 300. The 

original  Western ?ac i fi c  Rail road attempted to bui l d  the rai l  branch fol l owing 
the coal wagon route from Corral Hol l ow crossing the rai l road at El l i s  Coal ing  

Station whi ch  was located three mi l es west of Tracy. Thi s  rai l road spur was 

abandoned after only four mi l es had been l a i d ,  stopping quite conveniently 
across the creek from the o l d  "Zink  Hous e . "  

The construction o f  the Al ameda and San Joaquin Rail road l i ne,  between 

Stockton and Tes l a ,  began i n  earnest i n  1 891 . In keeping with the expansion of 

the Treadwel l  emp i re ,  John Treadwel l  held the posi tion of General Manager, whi l e  
h i s  brother had the title  o f  Di rector o f  the Al ameda and San Joaquin Rail road 

(Ward and Wil l i ams 1 971 : 1 6 ) .  Thi s rai l  l i ne was bui l t  by more than 200 men , 

mostly Chinese l aborers , al ong with White l aborers who were engaged as teamsters , 

mul e  sk inners and bridge buil ders . Five bridges or  trestles were necessary 

as the l i ne crossed and recrossed Corral Hol l ow Creek (Wi l l i ams 1 962 : 32 ) .  The 

"Zink House" of H . P .  White and E . B .  Carrel l was reopened on account of the 

construction of the ra i l road l i ne . Pri or to the constructi on , the tavern had 

been cl osed for approximately 25 years . The rebu i l t  house functioned as both 

a saloon and tavern catering to the rai l road workers (Wi l l iams 1 962 : 32 ) .  
When completed, the Al ameda and San Joaquin Rail road Company l i ne was 

only 36 .6  miles in l ength connecting the mines at Tesla with the coal bunkers 

in Stockton (Ward and Wi l l iams 1 971 : 3 ) . Desi gnated stops on the route 

proceeding  from the turntable at Tesl a  were Harrietvi l l e ,  equidistant between 

Tesla and the next stop at  Pottery at Walden Spu r ,  foll owed by Carnegie and 
ManQanese . The 1 atter two stops were i n  or near the· southern border of LLNL 

Site 300. Further east the stops i ncl uded River Rock and Kerl inger, Carbona 

and then Lyoth whi ch was the junction and crossing of the Southern Pac i fi c  
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l i ne ( from the San Joaquin Val l ey to Fresno ) and on to Lathrop and Stockton 

(Denny 1 9 1 3 ;  Ward and Wi l l i ams 1 971 :Map 2 ,  3 ,  6 ) .  
The da i l y  rai l road schedule consisted of moving empty cars from Stockton 

to Tesla in the morn i n g ,  exchanging the rol l ing  stock for fi l l ed cars and 

the proceed i ng · back  to Stockton with a noon stop for l unch at the Company 

boarding  house (Wi l l iams 1 961 : 33 ) .  Local transportation between Tesla and 

Pottery at Walden Spur was suppl ied by a l a rge , four-wheel flat car ,  gravity 

operated, which could  carry some fifty to s i xty persons to work or school . " In 
the l ate afternoon the return tri p was made wi th the a i d  of a white horse. 

The boy from the l i very stable in Tesla rode the animal down and hitched onto 

the car l oaded wi th workers for Harrietv i l l e  and Tes l a ,  plus  any other wayside 
stops . 11 The same procedure was foll owed when a dance took place in Carnegie 
(Ward and Wi l l iams 1 971 : 1 0 ) .  

The Tesla quadrangle  map ,  based on the survey data of 1 905 , has the most 

extensive record of the pl acement of buildi ngs in the Corral Hol l ow area 

( F i g .  9 ; Ward and Wi l l i ams 1 971  : 1 7 ) .  I n  addition to the structures, the map 
a l so has the exact route of the ra i l road l i ne in relation to Corral Hol l ow roa d .  

In combi nation with the adjacent Carbona quadrangle map ( 1 922 edi tion)  a number 
of observations can be made ( c f .  F i gs . 1 0  ) .  With only one minor excepti on , 
the ra i l road l i ne i s  to the north of the roa d .  The town of Carnegie i s  bounded 
by the two ra i l  l i nes so  
opposite LLNL Site  300. 

outside of the LLNL S i te 

as to enclose the portion of the town l ocated di rectly 

The southern portion of this  rai l  spur was definitely 
300 boundary ( F i g .  1 1  ; Barzel l otti 1 907 ) .  Only when 

the l i ne turns norths i n  Section 25 (T 3S , R 4E)  does the ra i l  l i ne cross the 

road twice - moving to the east and back aga i n .  Sti l l  l a ter, i n  Section 24 

(T 3S,  R 4E ) ,  outside of the eastern . boundary of LLNL Site 300 the ra i l  l i ne 
crosses aga i n .  In bri ef,  the rail road l i ne i s  al ways north of the road except when 
enclosing  Carnegie and when the road and ra i l  l i ne move sharply northward . The 

relative position of the l i ne i s  important for industrial debris was often 

loaded on rai l road cars and hooked behind the caboose. During the tri p back to 

Stockton , the cars would be "cut off" and two Chinese l a borers would un load the 

debris before the arrival of the next Tesla bound train ( W i l l i ams 1 961 : 3 3 ) . 

In addition , dumping of the debris often occurred on the grade a l ong the Hog ' s  
Back and old  Carrel l House . At this point the discards would be shovel l ed 
d i rectly into the creek and would awa i t  the "yearly freshnets" (Wi l l i ams 1 963 : 
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30 ) .  

The rai l road adjusted to the l i mi ted and hard water by erecting a 1 5 ,000 

gal l on hol ding tank at the west side of a bridge l eading into the Stockton 

Channel . Thi s  tank was used to pump soft water i nto the l ocomotive and tank 

cars which were used to haul this  water to Tes l a  for mine machinery use . The 

water problem was so severe that condensors were empl oyed by both the rail road 

and mining company to recover the desperately needed soft water (Ward and 

Wi l l i ams 1 971 :6 ) .  The problems wi th the boilers and subsequent explosions i n  
Corral Hol l ow were d i rectly related to the mineral i zation associ ated with hard 
water use . 

In keeping with the rise and fall of the Treadwel l empire , the ra i l road 

was ordered to terminate at Carnegie i n  1 91 8  by the Uni ted States Rai l road 

Admi ni stration. However, the rai l road continued i n  operation to Tesla unti l 

1 922 . In 1 922 the ra i l road was moved from Tesla to Moy l ocated four mi l es 

west of Carbona (Ward and Wi l l i ams 1 971 : 1 6 ) .  

There were three major residential c lusters within the Corral Hol low area 

i n  addition to scattered residences . Tes l a  at the far west al ong Corral Hollow 

Road was the most important with mines for coal and clay. The second cl uster 
was Pottery at Walden Spur , a sewer pi pe and t i l e  plant fabrication center. The 

town of Carnegie and its associ ated industrial fac i l ity produced firebri c k ,  

face brick and miscell aneous terra cotta wares . Each town or l ocus was 

approximately two to two and hal f mi l es from the others ( F i g .  9 ) .  Carnegi e ,  

directly opposite and present on a portion of LLNL S i te 300' i s  corrmerated as 

Cal i fornia Regi stered Landmark 740 (San Joaqui n  Hi storical Society 1 966 ) .  

The Treadwel l businesses i n  Corral Hol l ow were known as 0The San 
Francisco and San Joaquin Coal Company0 in contrast to "The Alameda and San 
Joaquin Rai l road . "  Undoubtedly San Franci sco was much more prestigous than 
11Alameda11 as wel l  as being the final destination for the Tesla coal . As 
discussed previousl y ,  the coal was transported from Corral Hol l ow eastward 

to Stockton and then shi pped v i a  barge to San Francisco (Wi l l iams 1 96 1  : 3 ) .  
During the heyday of mining,  the dai l y  output reached 500 tons whi l e  

the annual productionfor the years of 1 897 to 1 902 hovered around 90,000 tons 

(Ward and W i l l iams 1 971 : 1 2 ) .  At Tes l a ,  electric power was generated by the 
boi l er plant and used to operate the el ectric mine locomotive as wel l as to 

run the plant sawmi l l .  Electricity was also used for mine i l l umination as 

well as for street l i ghting (Ward and Wi l l i ams 1 971 : 1 2 ) .  
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The mineral resources in Corral Hol l ow were not confined to coal alone . 

Both shale and clay were known as a result of the exploitation of  the coal 

depos i ts . The qual ity of the clay was excellent and l ed to the development of 

another Treadwel l  Company,  the "Carnegie Brick and Pottery Company . "  The cl ays 

ranged i n  qual i ty from h igh  grade plastic fire clay to red burning clays and 

shales used i n  the manufacture of sewer p i pe and paving bricks . 

amounts of  h igh  grade quartz were avai l abl e from the Tesla Mine.  

Further, l a rge 

The quartz , 

when combined with the non-calcareous white or l i ght cream color clay, resulted 

i n  the famous Carnegie ' 'firebri ck . "  In fact the term "Carnegie" for thi s 

brick type eventual l y  became the generic name appl ied to the hi ghest grade of 

fire brick (Wi l l i ams 1 961 : 6 ) .  

I n  addition to the local clays and quartz , l i me was produced l oca l l y  from 

1 900 to 1 91 1 .  The l ime was a necessary ingredient for the mortar used i n  the 

construction of the k i l ns and smokestakes at Pottery and Carneg i e .  The l ime

stone was mined from a ravine i n  the rear of the Carnegie Hotel (Wi l l iams 
1 961 : 5 )  and from the crest of a h i l l  about a quarter of a mi l e  from the plant 
at Carnegie ( i . e . , the southeast corner of Section 33, T 3S , R 4E} (Ward and 

Wi l l iams 1 971 : 1 0 ) .  The l i mestone was then concentrated in the l i me-burning 

k i l ns l ocated to the south of Carnegie (Wi l l i ams 1 961 : 5 ) .  Production at  the 

hi l l  quarry averaged approximately 75 barrel s a day (Ward and Wi l l i ams 1 971  : 1 0 ;  
c f .  a l so Clark 1 95 9 : 39 ) .  Another l ime source was located i n  the southwestern 

corner of Section 32 , T 3S,  R 4E to the south of Corral Hol l ow Road between 

Carnegie and Pottery ( Huey 1 948 :62 ) .  

Deposits of cinnabar were a l so mined i n  Corral Hol l ow and processed to 

provide the mercury necessary in some mining operation s .  I t  i s  possible  that 

both the Phoeni x  Quicks i l ver  Mining Company and pos s i bl y  the Marsel Mi ning  

Company were the onl y cinnabar producers in  Corral Hol l ow (Al ameda County, 

Cal i fornia 1 904 : 50 ;  Ward and Wi l l iams 1 971 : 1 0 ) . The rail  stop of Manganese 
appears to be named on account of the manganese deposits within Mitchel l 
Ravine located to the south of Corral Hol l ow Road ( i . e . , T 3S,  R 4E,  (Denny 
1 91 3 } ) .  The Ladd Mine reportedly shi pped 5000 tons to England between 1867 
and 1875 depending on the wagon drayage to Moh r ' s  Landing at Old R i ver  

( Cl ark 1 95 5 : 3 9 ;  Ward and Wi l l i ams 1 971 : 6 ) .  The mine , i n  the southeast quarter 

of Section 2 ,  T 4 S ,  R 4E , continued production unti l 1 902 and reopened during 
World War I ( Huey 1 948:62-63 } .  It  i s  currently inacti v e .  
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Gravel and sand deposits were al so mined . A pit  was l ocated to the 

east of Carnegie and the material was shi pped by train to Stocktbn and beyond 

( Leary 1 962 : 5 ) . The gravel deposits were exploited un t i l  1 9 1 1  when the flood 
of Corral Hol l ow Creek destroyed five rai l road trestles (Ward and Wi l l i ams 

1 971 : 8 ) .  These gravel pits  were the l a s t  segment of the Treadwe l l  industrial 

compl ex to be abandoned in 1 91 1  on account of both the col l apse of the trestles 
and the bank failure of the Cal i fornia Safe Deposit Bank in San Francisco 

(Wi l l iams 1 961 : 6 ;  Ward and Wi l l i ams 1 971 : 8 ) .  

The pattern of urbanization i n  Corral Hol l ow during this  Late American 

Period was essential l y  that of planned company towns with scattered, affi l i ated 

residential c lusters . Tes l a  and Carnegie had both a publ ic  and residential 

section , with  the residential sections d i v i ded and ranked according to the 

pos i tion of the worker within the plant hi erarchy. On the other hand , Pottery 

had no residential secti o n .  Resi dences were nearby and scattered. 
The plant at Pottery consisted of three brick smokestacks with 1 2  beehive 

k i l n s  clustered around them (Wi l l i ams 1 961  : 4 ) . 6 Four k i l n s  were arranged with  

each smokestack with  bri ck-l ined tunnel s running from the stack to  each k i l n  

(cf.  Lowe l l  1 91 6 :608 ) .  When not i n  use , a k i l n  was blocked u p .  To fac i l i tate 

transportation of the finished products a spur track of the rai l road entered 

the plant (Wi l l iams 1 961 :4 ) .  Among the many speci a l i ti e s  manufactured were 

glazed porcel a i n  headrests for Chinese as well as cornices and store fronts 

for Chi natowns (Wi l l i ams 1 962 : 1 2 ) . The pl ant at Pottery was so successful 

that a l arger plant,  known as ttCarnegie" , was constructed al ong Corral Hol l ow 

Creek about two miles  east of Pottery ( Wi l l iams 1 961 : 4 ) .  

From 1 895 , the Carnegie Brick and Pottery Company operated both the Pottery 

and Carnegie plants as a s i ngle  entity with clay suppl ied from the Tes l a  
deposit (Ward and Wi l l iams 1 971 : 1 0 ) . The machi nery and pl ant equipment was 
estimated to have approached one hal f of a mi l l ion dol l ars ( Lowel l 1 91 6 :608 ) . 

The first stage of development at Carnegie consi sted o f  the bui l di ng of 

several k i l n s  and making brick on s i te ( Stewart 1 964 : 1 4 ) .  In itial l y  the 

first four k i l n s  at Carnegie were l ocated around a low smokestake. The 

bricks manufactured i n  these k i l n s  were then used to construct the other k i l ns 

and smokestacks with a final total of 1 3  stacks and 45 k i l n s  (Wil l i ams 1 961 : 

4 ) .  When the Carnegie plant was enl arged i n  1 904 , the number of k i l ns 

i ncreased from 3 to 8 bee-hive shaped k i l ns ; 3 additional sma l l  k i l ns and 
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another four muffle type k i l n s .  Shortly after the initial  bui l ding  phase , 

the hotel , general store and ''everything" of Tesl a  was moved to Carnegie 

( Stewart 1 964 : 1 2 ) .  The official  post offi ce , however , rema i ned at Tes l a  

along with apparently a number of buildi ngs (c f .  Frickstad 1 955 : 2 ;  F i g .  9 ) .  
In i ts heyday,  Carnegie had churches , school s ,  company stores , a hotel , 

saloon s ,  pool hal l s ,  l aundri es , ice cream parlors , barber and beauty shops , 

bunk house for the s i n g l e  men and company housing for married men and the i r  

fami 1 i e s  (Wi 1 1  i ams 1 961 : 7 ;  Ste·wart 1 96 4 :  1 1 ) .  

The approximately 2500 inhabi tants of Carnegie were not entirely of 
European ancestry. Japanese bakers, pantrymen and vegetable " peelers " ,  

Chinese cooks , dishwashers and l aundrymen , one black fami l y  and one Mexican 

fami ly  were a l so present (Wi l l i ams 1 961  : 7 ,  1 3 ,  2 1 ; Stewart 1 964 : 1 1 , figures 
pp. 1 2 - 1 5 ) .  

The trans i tion from Tes l a  to Carnegie for many of the Corral Hollow 

residents con s i s ted of resi ding  in Tesla and commuting the five mi l es to 

Carnegie by foot,  horse or by ra i l road hand car ( Stewart 1 964 : 1 4 ) .  The l i very 

stable and l umberyard appear to have remai ned in Tesla but the fate of the 
''residenti al " suburbs i s  unknown . The exact pl acement of the various " towns" 

or "suburbs" i s  currently not pos s i b l e .  The personal accounts of residents of 

Corral Hollow such as Josephine Leary ( 1 96 2 )  and Marie Cordel i a  Stewart 

( l ater Mrs . Charles Dewa l t  ( 1 964 ) )  provide some i nsi ght but often describe the 
residential concentrations by name or physical characteri stics rather than by 

geographical l ocation . For exampl e ,  25 or more houses were scattered on the 

h i l l s  between Carnegie and Tesla and many of these structures were bui l t  of 

brick with "beautiful yards which were enclosed with fences and shaded with 

buckeye and pepper trees" (Wi l l iams 1 961 : 2 1 ) .  At present, it i s  not pos s i bl e  
to correlate this  description with the Tesla quadrangle map ( Fi g .  9 ) or the 

approximate l ocations for the "suburbs" of "Treadwel l  Row" , " Fry Town" , 
"Ji mtown " ,  and "Harrietvi l l e . "  " Jimtown " ,  named i n  honor of James Treadwel l ,  

was associated with Tesla and located on a ''hi l l  at the end of Treadwel l Row . "  

Treadwel l  Row consisted of about 1 6  to 20 rows of five sma l l  houses per row, 
each of four rooms each ,  whi l e  the Treadwel l House was first and larger than 
the others . Another concentration was found , "On the right,  i f  you were i n  

Jimtown , and down a hi l l , was a sma l l  fl a t ,  or meadow , with three big tents . "  
Further, ''Across a sma l l  creek and nestled i nto the h i l l  was Frytown , named 
after Bob Fry" (Wi l l i ams 1 961 : 1 9 ) .  "Harrietvi l l e" named i n  honor of James 
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Treadwe l l ' s  daughter Harriet, was located about one mi l e  from Tesla and con s i s 

ted o f  about 48 house s ,  a school , sl aughterhouse and a diary ( Wi l l iams 1 961 : 

20 ) .  The houses at Harrietv i l l e  were arranged so that the "the quadrupl e  row 

of four-room houses on the l ower fl a t  was known a s  " S i l k  Stocking Row" by 

the people who l i ved i n  a doubl e row of sma l l er houses higher on the hi l l "  
( Wi l l iams 1 961  : 30 ) .  

In addition to these named suburbs , there was "more than a dozen neat 

brick homes for workmen who worked in Carnegie" l ocated on the hi l l s  between 

Pottery and Carnegie (Ward and Wi l l i ams 1 971 :9-1 0 ) .  Cul tural material associat

ed with this series of houses i s  sti l l  probably present on Lawrence Li vermore 

National Laboratory ' s  Site 300 . The density and stratification within and 

between residential di stricts i s  quite evident i n  the manuscripts presently 

ava i l a bl e .  This di fferential social stratification may be reflected i n  the 

number, types and qua l ity of archaeol ogical surface material present at these 

l ocales . 

Whi l e  the town of Carnegie flouri she d ,  some of  the sheep and catt l e  raised 

i n  the area were butchered in Carnegi e .  The meat was processed for the hotel 

and sold i n  the butcher shop for individua l s  ( Wi l l i ams 1 961 : 8 ) . The " i ndustrial 

revol ution" i n  Corral Hollow obviously d i d  not replace the traditional pattern 

of stock rai s i n g  to any great degree . One of the more vivid  events of i n form

ant Marie Stewart invol ved watching Ital i an and Basque sheep herders shear 

sheep at the shearing sheds l ocated one mi l e  south of Carnegie (Stewart 1 96 4 :  

1 5 -1 6 ) . 

The qua l i ty of  the coal mined at Tesla was poor, so poor that a briquette 

plant was bui l t  in Stockton as a means of compressing the soft coal and dust 

i nto a more "useful " product .  These briquettes were used by the l ocomotives 

of the Al ameda and San Joaqui n  Rai l road Company but fired so poorly that the 

firebox grates had to be cleaned hal fway up to Tesl a  (Ward and Wi l l iams 1 971  : 4 ) . 

Further, the i nstantaneous combustabi l i ty of  the briquettes must have been 
another factor which may have discouraged the mining of the Tes l a  deposi ts 

( Eugence R .  Pri nce , personal collillunication , 1 981 ) .  

The Apri l 6th, 1 906 earthquake was such tha t ,  i n  the words of  Marie 
Stewart ,  " . . .  our beds ski dded across the rooms hitting first one wa l l  and 

then back to the other, a l l  furniture doing the same. The broken dishes and 

windows crashing added to the di n .  We l ooked over a t  the brick plant and the 
ta l l  smoke stacks were toppled to the ground , and most a l l  the bricks and 
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bui l di n g  ( s i c )  were i n  shambles'' (Stewart 1 96 4 : 20 ) .  The Tesla Coal Mine c l osed 

i n  1 906 as a resu l t  of  the April 6 earthquake and the fai l ure of the Cal i fornia 

Safe Deposi t  Bank of  San Franci sco (Wi l l i ams 1 961 : 6 ) .  Carnegie conti nued i n  
operation uti l i z ing  oi l - fi red k i l ns (Ward and Wi l l i ams 1 971 : 1 0 )  even though 

the earthquake had damaged the fac i l i ti e s .  

The i ntensive use of  the Tes l a  c l ay deposit had exhausted the c l ay near 

the surface of the mi ne by 1 9 1 1  or 1 91 2  (Wi l l i ams 1 960 : 4 ;  1 961 : 6 ) .  The wet 

winter of 1 91 1  and related flooding down the gul ch  had a devastating effect .  

The mine was cl osed bel ow the 250 foot l evel . The floods destroyed five 

rai l road testles and caused widespread damage along the entire l i ne as wel l as 
destroying the John O ' Brien and Edward Carrel l ranches (Wi l l iams 1 961 : 6 ) .  

Carnegie continued operations unti l ca . 1 91 1  al though production had 

been dec l i ning  si nce 1 902 . The l ack of qua l i ty water and an adequate supply, 
the poor qua l i ty of  the Tesla coal and the earthquake of 1 906 coupled with 

the fai l ure of the financial foundations of the Treadwe l l  empire all  conspired 

against Carnegi e .  The earthquake o f  1 906 l ed to a switch from c l ay sewer pipe 

to reinforced concrete i n  both Oakland and San Francisco lessening the demand 

for Carnegie products .  Fl oods caused extensive damage i n  1 907 and 1 91 1  (or 

1 91 2 ) .  By 1 91 6  "the era was ove r , "  the Carnegie plant was sold to Gl adding,  
McBean and Company who di smantled it  to keep out competion.  Tesla was 

purchased by the Beckman-Li nden Corporation i n  1 91 9 ,  whi l e  the Pottery at 

Walden Spur and the gravel operation were di smantled (Ward and Wi l l i ams 1 971 : 

1 4 ) .  Carnegie was abandoned by 1 9 1 2  and by 1 91 9  only the mine ta i l ings , 

pl ant foundation and miscel l aneous depressions marked the former Treadwel l  

operations i n  Corral Hollow (Wi l l i ams 1 961 : 9 ) .  The order to terminate the 

rai l road was i s sued in 1 918  al though i t  continued in operation unti l 1 922 
(Ward and Wi l l iams 1 97 1 : 6 ) .  

Thu s ,  Corral Hol l ow shared in the " Industrial Revol ution" during the 

waning years of the 1 9th  century and opening years of the twentieth . The 

revol ution incl uded a ra i l road, a commercial coal mine and a cerami c 

manufacturing faci l i ty .  In contrast to the i nitia l  migration into Corral 

Hol low, a population explosion occurred. However, the lack  of profitabi l i ty ,  

due to both natural and cul tural causes , resul ted i n  the failure o f  the 
industrial enterprises and the reversion to the ori ginal patterns of growth 
native to Corral Hol l ow .  

At present, the Corral Hol low region has reverted to its  traditional 
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pattern of l i vestock grazi n g  and scattered resi dences coexisting  with a 

State Recreation Area and the Lawrence Li vermore National Laboratory ' s  research 

fac i l ity of Site 300 . 

Notes 

l .  I n  early Cal i forn i a ,  a camino was understood to be a horse or pedestrian 
trai l ,  whi l e  at the l atter part of the Mexican Period, a camino referred 
to a cart road .  

2 .  The program of the Stockton San Joaquin County Publ ic  Li brary places 
Cal l aghan Gulch to the west of  Corral Hol l ow .  I f  this  gulch i s  
"Ca l l ahan Gulch" as drawn on the Tesla Quadrangle of 1 907 , the 
location i s  d i rectly south of Corral Hol l ow .  Of course, the exact route 
of the de Anza party through this region i s  problemat i c .  

3 .  Both the prehistoric and hi storic rema ins  of the s i te appear to have 
been destroyed duri ng the construction of a modern bridge (Wi l l iams 
1 96 0 : 6-7 } .  

4 .  Bakers Ravine i s  not l abel l ed on any hi storic or contemporary ma ps . 

5 .  The mi ne referred to by Brewer may be the O ' Brien and Carrel l Mine . 

6 .  Unfortunately the n umber of  smokestacks and k i l ns i s  i n  di spute . The 
total ranges from 3- 12  (Wi l l i ams 1 961 : 4 )  to 2-8 (Ward and Wi l l i ams 1 971 : 
1 1 -1 2 ) .  Note that the photograph of  the Carnegie pl ant i n  Lowe l l  ( 1 91 6 )  
exhi bits ei ght smokestacks . 
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1848 

1 850 

ca . 1 820s 

Nov . 1 84 6 ,  Capt. Imas 
Group 

ca . 1 840s - Present 

1 850 - Zinc House 
1 861 - White House Corral 

Ho 1 1  ow ( Carre 1 1  ) 

ca.  1 870 - abandoned across 
from Zinc House 

1 888 - Surveyed , not bui l t  

1 891 - 1 922 - Alameda and San 
Joaquin RR 

ca . 1896 - 1 9 1 2  

ca. 1895 - 1 91 2  
ca . 1 904 - 1 9 1 2  

ca . 1 892 - 1 91 2  
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Th i s  page o f  the o r i g i n a l  report i s  a n  envelope conta i n i ng f o l dout maps for 

F i gures 9 ,  1 0 ,  1 1 ,  and 1 2 ;  economy precludes reprodu c i n g  them here. 
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FIELD RECONNA ISSANCE 

Field  

An i n tensive C lass  I I I  fie l d  reconnaissance conformi n g  to Bureau of Land 

Management specifications was conducted for a l l  acces s i b l e  areas of the 

Lawrence Li vermore National laboratory S i te 300. 

11The objective of a C lass  I I I  i nventory i s  to identi fy and record, 
from surface and exposed profi l e  i ndjcation s ,  a l l  cul tural resources 
within a specified and defined area . The C l as s  I I I  i nventory results 
in a total i nventory of cul tural resource s i tes observable within a 
specified area. Upon completion of a C lass  I I I  inventory within a 
specified area , no further cul tural resource i nventory work wi l l  
usua l l y  be needed. However, further cul tural resource data studies 
may be carried out , as necessary (Bureau of land Management, Manual , 
Release 8 - 3 ,  81 1 1 . 1 4 ) . "  

The survey was conducted systematical ly  on a section by section basi s  by a 
three to five member fi el d team uti l i z i ng straight l i ne transects spaced on 

25 meter i nterval s  and averaging one mi l e  i n  length . The orientation of the 

i ndiv i dual transects varied (Table 3 ) but i n  general they were oriented 

ei ther north-south or east-west .  In several sections the topography was too 

rugged to attempt compass-oriented transects effectively or safely. Transects 
oriented al ong the contours of the major topographical features were uti l i zed 

i n  this  s i tuati on. To ensure ful l  coverage using thi s approach ,  fl agging tape 

was l e ft at intervals to use as a guide i n  subsequent transects . Thi s  procedure 

a l l owed the survey cr�w to wal k  the canyon s i des , bottoms and ri dgetops rather 

than attempti n g  to keep straight l i ne transects whi l e  surveying the steep 

s l opes . Interva l s  of 25 meters were maintai ned on these transects. 

Table 3 

Transect Orientation 

North-South East-West Contour Orientation 
1 5  22 21 
1 6  26 27 
1 7  33 28 
20 34 29 
26 3 5  26 

(Note : Mixed strategy i n  severa 1 cases ) 

Survey progress and ground i nspection were hampered by the thick grass 
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ground cover present throughout the project area . The ankle  to wa i st high 

grasses and forbs obscured the ground surface i n  many areas making  in spection 

di ffi cul t .  Some ground v i s i b i l i ty and subsurface soil  exposures were provided 

by rodent burrows , animal trai l s  and rocky areas. 

Several sma l l  areas of LLNL Site 300 were not surveyed due to di sturbance 

impacts ( e . g . , parking lots , admi n i stration area s ,  gol f cours e ) ; safety consider

ations ( e . g . , desi gnated d i s posal areas ) ;  and , security requi rements ( e . g . ,  

" Process ·Area " ) (Table 4 ) .  In addi tion , some of  the extreme l y  steep h i H  and 

canyon s i des i n  Sections 21 , 27 , 28 and 29 were not i nspected due to their  
hazardous nature . 

Table 4 

Non-Surveyed Areas 

"No Access 

"Process Area" 

Test Areas 801 ,  81 8 .  82 3 ,  
825-828, 832-838 , 840, 841 , 
851 , and 854 

Disposal Pits - Sections 1 6 ,  
1 7  and 2 3  

Admi ni stration Area 

Parking Lots - Main 
and Contractors 

Gol f Course 

For the purposes of the project ,  a s i te was defined as an area with five 

or more cultural objects occurri ng wi thin a 20 meter di ameter c i rcl e .  

Locations o f  fewer than five cul tural objects were treated as i sol ated fi nds .  

Site l oci were identified uti l i zi n g  standard Bureau of  Land Management -

Department of  the Interior s i te definitions (cf .  Appendix I I ) . Rock art and 
rockshelter s i tes were identified by the presence of one or more permanent 
cul tural features ( i . e . ,  bedrock mortars , inci sed/pecked petroglyph panel , 
etc . )  as wel l as by the presence of any portable cul tural objects . Pre

historic and hi storic s i tes were recorded on separate forms - the SLM Cul tural 

Resources I nventory Form ( F i g .  1 3  ) and the Basin Research Associates ' Hi storic 
Site Survey Form ( F i g .  1 4  ) .  Individual i sol ated finds and small s i tes were 

recorded on the Bas i n  Research Associates ' Short Form , Cul tural Resource 
Inventory Record ( F i g .  1 5 ) .  Rock art s i tes were recorded using another special 

form ( Fi g .  1 6  ) in addition to the standard s i te record. Al l s i tes and i sol ated 
finds were photographed using both color print and black and white fi l m .  
Photographic logs (Appendi x  V I )  were maintained for each exposed rol l .  All  
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s i tes were flagged and sketch mapped from a datum poi n t .  Hi storic s i tes were 

norma l l y  recorded i n  Engl i sh measurements whi l e  prehi storic s i tes used the 

metric system. Al l petroglyph panel s and des i gn el ements were measured and 

sketched. Each cul tural resource was pl otted on the appropriate USGS topo

graphic map and the e x i s ti ng S i te 300 b luel ine  topographic  map .  Isol ated 

finds of a portaole nature were col l ected s i nce fi e l d  relocation would be 

di fficul t .  Otherwi s e ,  a no-coll ection pol i cy was foll owed . 

Each crew chief kept a field  notebook to record data perta i ni n g  to the 

d i a l y  fiel dwork . Topics of interest i ncl uded l ocal topography, vegetation , 

observed faun a ,  geol ogic data and other relevant i n formation not recorded on 

the s i te forms . I n  addi tion to the fi el d notebook and s i te form i n formati on , 

a Basin  Research Assoc iates ' Sample Unit  Record Fonn was completed for each 

surveyed hal f section ( F i g .  1 7  ) (cf .  Appendix IV for forms ) .  

Al l cul tural resource s i tes were fi e l d  evaluated accordi ng  to the criteria 

set forth in the Bureau of Land Management Cul tural Resource Evaluation 

System (BLM-CRES) (Appendi x I I I ) .  

Results ( F i g .  1 8 )  

The seven- hundred and twelve man-hours of fi e l d  effort resulted i n  the 

l ocation of 24  cul tural resource properti e s .  Of these, three are prehistori c ,  

twenty hi storic and one i s  a mul ti component s i te consi s t i ng of both abori ginal  

and hi storic materi a l s  (Table 5 ) .  

Overal l ,  hi storic materia l s  dominate the cul tural resource i nventory. 

Hi storic cultural resources , both s i tes  and i sol ated combi ned,  compri se  

83% of the total compared to  1 3% for prehistoric materi a l s  and 4% for mul t i 

component s i tes  (Tabl e 6 ) .  

I n  terms of the defined s i te types , hi storic petroglyphs and structures 

are most representative of the types recorded duri ng  the inventory. 

S i te Sunvnaries  (cf.  Appendix  V 

1 6 . 5  - T 3S , R 4E , Section 1 6 ,  NWJ.4 of NW� (CRES S 3 )  

Prehi s tori c ,  smal l ,  l i ght l i thic scatter. Raw materi a l  i s  small chunks 

of chert and chal cedony- l i ke material which may be opal i zed petri fied wood. 

Five to s i x  "waste" flakes were i denti fied but whether or not they are 

cul tural l y  produced objects could not be rel i ably detenni ned . No worked 

fl akes were noted. Area i s  7 . Sm x 5 . 0  m on a north facing h i l l s i d e  overlooking 
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Table 5 

General Site Inventory Results 

Site Ca 

Prehistoric ( 3 )  

Prehistoric Isolate ( � )  
Historic Site ( 1 8 )  

Historic Isol ate ( 2 )  

Multi component ( 1 ) 
( Prehistoric and 
Hi stori c )  

Table 6 

LLNL Site 300 - Site 

Site 

Lithic Scatter 
Rockshelter with Bedrock Mortar ( s )  

Rockshel ter/Mi l l i ng Station 

Site 

Petroglyph 

Structure 
Trash Dump/Rubble 

Isol ated Find 
Town 

Mine 
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% of Total S i tes 

# 

2 

1 

# 

7 
6 
4 

2 

1 

1 

1 3% 

75% 

8% 

4% 

Site Category 

Type (Aboriginal)

Type (Historic)

Types 



the northern boundary of Site 300. 

!Z...:..!. - T 3 S ,  R 4E, Section 1 7 ,  SE� of N� (CRES S3) 

Historic petroglyph panel . Located on a single vertical sandstone panel , 
three-quarters of the way up a steep hi l l s i de :  I t  consists of hi storic 

graffiti inci sed in the soft sandstone . There are no rel iably discern i bl e  

dates or cul tural associations .  

2 0 . l  - T 3 S ,  R 4 E ,  Section 2 0 ,  SE� o f  NE� (CRES S 3 )  

Hi storic trash scatter. sma l l  and l ocal i zed.  Found o n  a flat grassy 

area south of sma l l  ravine .  Scatter consists of rusted metal , broken whi te 

porcel a i n ,  buff crockery and broken bottle glass ( various colors ) .  Arti facts 

were c l ustered around a weathered wooden stake suggesting a secondary deposition 

of materi a l s .  

22 . 1  - T 3S.  R 4 E ,  Section 22 , SW� o f  NW.. (CRES S2/S3) 

Prehistoric rockshel ter. Original ly  recorded by Dietz and Jackson ( n . d . ) .  

The rockshelter faces NNE,  near the base of a l arge hi l l . A spring i s  found 

about 1 50m ESE .  The rockshelter i s  2m high,  Sm wide and 2 . 8m deep. The 

shelter contains three bedrock mortars with one possib le  i nci pient mortar on 

a step of bedrock along the rear wal l .  There i s  a tan-gray midden deposit  

within  the rockshelter and  extendi ng  a short way beyond i t .  A mane-pestle and 

a worked obs i d i an flake were present on the surface within the shelter. The 

cei l ing is part i a l l y  fire-blackened and some fire affected rock i s  presen t .  

2 2 . 2  - T 3S.  R 4 E ,  Section 22 , NE� o f  S �  (CRES S2/S3) 

Prehistoric Rockshelter with one bedrock mortar .  A shal l ow ,  narrow 

rockshelter facing NW. It  i s  high on a steep slope above a N-S trending 

canyon. The shelter is 9 . 2m wide, 2 . 8m high and 3 . 4m deep. One sha l l ow 

bedrock mortar ( 9cm x 1 5- 1 7cm deep) i s  present i n  the back of the shelter. No 

other cul tural materi al or midden was present. Recent ( 1 957-1960) graffiti 

was found on the soft sandstone at the rear of the shelter. 
2 5 . 1  - T 3 S ,  R 4 E ,  Section 2 5 ,  NW� o f  SW� (CRES S 3 )  

Isolated fi nd , hi stori c .  Partia l l y  buried, rusted metal band. Probably 

the outer binding for a wooden wagon wheel . Band i s  1 5/8" wide.  Diameter 

of wheel not known. Item not col l ected. 

26 . l  - T 3S, R 4 E ,  Section 26 , SW� of SE� (CRES S 3 )  

Hi stori c ,  pi l e  o f  weathered wood on surface of a l l uvial  fan . Several 
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pieces are connected with wire and nai l s .  Several other metal arti facts are 

al so present. 

26 . 2  - T 3S,  R 4 E ,  Section 26 , SE� of SWJ..i (CRES S 3 )  

Hi storic rubbl e ,  mai n l y  wood , just SW o f  a n  intermittent stream. The · 

rubble p i l e  contains mai n l y  wooden boards and standard guage rai l road ties with 

spikes sti l l  embedded . Other metal , concrete and recent ceramic debris i s  
scattered to the NW, 20m up the drainage. 

27 . 1  - T 3S , R 4E , Section 2 7 ,  SE\ of NE\ (CRES S3) 

Hi storic structure, parti al l y  col lapsed. Found straddl i ng the drainage of 

a deep NW-SE trendi n g  canyon.  Large weathered beams cross the drainage whi l e  

boards cri ss-cross on top of thi s .  Standing portion hel d together by wire na i l s .  

No other arti facts a ssociated with thi s  structure . 

2 7 . 2  - T 3 S ,  R 4 E ,  Section 2 7 ,  NW� o f  NWJ..i (CRES 53)  

Hi storic trash scatter. Scatter spread down small  drainage on steep east 
s i de of a l arge N-S trendi ng canyon . The scatter incl udes historic to recent 

material i nc l uding metal , glass ( broken and jars ) ,  metal pots and can s ,  wood , 

a socket wrench,  and the frame/cha s s i s  of a Ford Mode l - T .  
2 8 . 1  - T 3S,  R 4 E ,  Section 28,  SWJ.i o f  S� (CRES S J )  

Hi stori c ,  portion of a p i pel ine and concrete foundati ons.  Sections o f  a 

rusted metal pipel ine and a para l l e l  ceramic pi pel i ne i n  a N-S drainage. Both 
go underground to the north and smal l  s tretches are exposed i ntermittently 

beyond thi s .  The metal pipe terminates on the south at a concrete foundatio" 

of four concrete posts, later found to be for a water trough. The ceramic pi pe 
continues 1 3 . 7  feet further south before i t  ends . 

28.2  - T JS . R 4 E ,  Section 28,  SW� of NW� (CRES S3)  

Historic structure. Two room cabin standi n g .  with a surrounding barbed 

wire fence i n  the bottom of a l arge N-S canyon. The bui l ding has square-cut 

nai l s  i n  some of the wa l l  boards but are not part of the bui l ding structure 

indicating that the boards were scavenged from el sewhere. Some hi storic debris 

was scattered around the bui l di n g ,  including parts of a wood burn i ng stove. 

"Oral testimony" i ndicates that the s i te was once a sheep station . 
2 8 . 3  - T 3S , R 4E , Section 28,  SE� of NW� (CRES S 3 )  

H i storic trash scatter. Wood, metal , cerami cs and glass scattered over 

approximately 1 25 x 1 00 feet, with a concentrated dump near the center of this  
scatter which is  at the confluence of two drai nages . The s1te may have 
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contained a bui l ding  judging from the plate g lass  and amount of  wood present. 

Purpled bottle glass i s  present along with some square cut nail s .  There are 

the metal head boards of a bed upright i n  the ground just northeast of the main 

dump. 
2 8 . 4  - T 3$ , R 4E,  Section 2 8 ,  NE� of  NW� ( CRES S3 } 

Hi storic petroglyph i n  rockshelter . A sandstone rockshelter on a gently 

s l oping hi l l  with a si ngle date , Mar . 1 1 ,  39 , inci sed in the rock. No 

arti facts are associated with the site.  

28 .5  - T 3S,  R 4 E ,  Section 28,  NWJ.4 of  N� (CRES 52/3) 

Multi -component rockshelter, hi storic petroglyphs and prehi storic mi l l i ng 

features . Ori ginal l y  recorded by D i etz and Jackson ( n . d . }  as 28 . l ,  a pre

hi storic site onl y .  Large rockshelter with smal ler  alcove part way up the 
east side of a l a rge , deep north-south canyon. Hi storic graffiti found 
throughout; names and i ni tial s with dates ranging from 1 922 to 1 976 i nci sed i n  
the soft sandstone. Three bedrock mortars and four depressions that may be 

inci pient mortars are found beneath the sandy floor cover i n  the sma l l er alcove/ 

shelter. Chunks of opa l i zed petri fied wood are found in and near the l arge 

shel ter but only one flake noted. No midden deposit  di scern i b l e .  
2 9 . 1  - T 3 $ ,  R 4 E ,  Section 2 9 ,  NW14 o f  NWJ4, (CRES S4}  

Isolated hi storic fi nd.  Weathered hammer found hanging on northern section 

fence on side of steep canyon. Col l ected by survey crew. 
2 9 . 2  - T 3S , R 4 E ,  Section 2 9 ,  NE� o f  SW14 (CRES 5 3  - ? )  

Hi storic power/telegraph pole l i ne.  A l i ne o f  wooden pol e s ,  some upri ght,  

some fal l en , extending an unknown di stance across the h i l l s  and canyons , 
approximately east-west ( ? ) .  Wire i s  sti l l  present, running from pole to pol e .  

Poles have glass i nsul ators present. One insul ator col l ected by survey crew. 

2 9 . 3  - T 3 5 ,  R 4 E ,  Section 2 9 ,  SW� o f  SW>.i (CRES 5 3  - ? }  

Historic mine addit wi th nearby foundation rubbl e along drainage of  N-S 

canyon. The addit has support timbers and continues an unknown distance i nto 

the h i l l s ide.  Standing  water present wi thin the addi t .  On the sl ope above 

were several metal p i pes coming verti cal l y  out of the ground, poss i bl y  for 
venti l ation . Three di screte poss i b l e  foundation s i tes with concrete and 
Carnegie bri cks .  Historic debris a l so present. 

*33 . 1  - T 3 S ,  R 4E, Section 33 , NW and SE� ' s  of NEl.& (CRES Sl } --

Section 3 4 ,  SW14 of NW14 

Historic townsite.  Thi s appears to be a major residential area for the 
factory town of Carneg i e .  The brick and pottery plant was located in Corral 

2F-61 



natural rather than cul tura l . 

34 . 2  - T 3 S ,  R 4E,  Section 34 , NW� o f  NE� (CRES S 3 )  

Rockshelter w i t h  h i s toric petrogl yphs . Shelter i s  mi dway u p  the steep 

western s l ope of a N-S trendi n g  canyon. Graffi ti i s  inci sed in sandstone and 

consists of i n i ti a l s  and the number 1 4  (representing 1 91 4  ?? ) . No arti facts 
were noted. 

34 . 3  - T 3S , R 4E , Section 3 4 ,  SW� of NE� (CRES S 3 )  

H i s toric petroglyph. Two vertical sandstone pane l s ,  20m apart , on the 

eastern slope of a N-S trend i ng canyon. Onl y  el ements present are i n i ti al s ,  

no dates . The panel s face west and northwe s t .  N o  arti facts were noted. 

3 4 . 4  - T 3S , R 4E,  Section 34 , SW� of NE� (CRES S 3 )  

Rockshelter w i th hi storic petroglyphs i n  and near i t .  Shel ter i s  60m 

north of Corral Hol l ow i n  a N-S trending canyon . 300m east of the town s i te 

of Carne g i e .  The shelter and nearby panel s  contain hi storic graffi ti . These 

are i n i t i a l s  and dates ( 1 9 1 3  and 1 939) i nci sed ir. the sandstone. No associated 

artifacts were noted. 
35 . 1  - T 3 S ,  R 4E , Section 3 5 ,  NE� of NWJ.i (CRES S 3 )  

H i storic foundati on . Found on southern s l ope of ridge termi nus above two 

dra i nage s .  The foundations con s i s t  of a rectangular concrete platform wi th 

five oblong concrete slabs set on i t .  The concrete extends into the h i l l s i de .  

Three of the s l abs have bolted on boards . The USGS map. j ndicates a windm i l l  
a t  thi s s i te .  Th i s  may have been the foundation for i t .  No other cultural 

materi al  was associ ated with th is  s i t e .  
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U� 1TED STATES f:::? Non-Ab or i na l c::::J Both 
DEPAHTME?-:T l)f THE INTER IOR J . CRES rat i ng (comp l e t e  i t em 3 1 .  and 
IH'H�:Al' OF LAND MANAGEMENT enter 

2 .  numbe r :  s i t e  numbe r :  
Cu l tural Resources Inventol"y Rec ord 

4 .  K U1  C R  rr.• por t numb<.>r Projec t : 
( i f ;ipp l ic ab l <.> ) :  

6 .  S t a t � :  Cou n t y :  D i s t r i c t  Rt-source arc-;i: P l an n i n g  u n i t :  

7 .  � P  refert-nc1:: 

8 . Townsh i p :  Range : Sec t i on ( t o  nearest � of t ) :  Elt>vat i o n :  

9 .  CTM (always c ompl e te i (  S l  rated ) :  

1 0 .  Loc a t i on (prox imi t y  t o  road s ,  b ld gs . ,  t owns ,  major topograph i c a l  featur� s ) :  

1 1 .  

l 3 .  

1 5 .  

1 6 .  

1 8 .  

2 0 .  

2 l .  

Land owner sh i p s t a t u s :  1 2 .  Other s i te numbe rs/designa t i ons/name s :  

S i t e type s :  C u l t u r a l  a f f i  l i a t  i on ( • ) • dates of 

S i t e  desc r i p t i on (use cont 1nuat ion sheet i f  
-

A r c a  of occupat i o n :  

Ar t i f ac t s ,  ma t e r i a l s  ( c o l lected? observed ? ) :  

s i t I! d i s t urhanCl' (Man caused and/or natural 
excava t ions , c o l k c t ions , e t c . ) :  

Pos s i b i l i t y  o f  d <' s t ru c t ion: 

(cont inued on reverse) 

Figure 1 3  
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necessary ) :  

1 7 .  Depth ( t e s t ed ? ) :  

19. S t oraK� ( i f  c o l l e c t  ion 
was mad� ) :  

- �rosional stat e ,  previous 

2 2 .  S i t e  marked? How? 

-. 
g t'l C/l ., 
QI -
-· 
::: 

JI; .. 

� 
;, c: 

... . .  

1 4::7 Aboriginal

here):
Fieldsite 13. CA

5.

14. use:

17.

causes



wa t e r ,  types pa t t e r n s ,  sourc e s ,  
pos s 1 h l l• formt:'r water source s ,  rain gauge d a t a ,  e t c . ) :  

24 . C.0omorph i c  context (geograph i c a l  s i t ua t i on - land form type , s l ope , e x posure , e t c . ) :  

2 5 .  So i l  & s u b s t r a t e  on s i t e :  26.  Surround ing s o i l  & subs t ra t e :  

2 7 .  Vege tat ion on s i te (major c ommu n i ty , s pe c i e s  compo s i t i on ,  and � o f  cove r ) :  

2 8 .  Ve.ge t a t ion . o f f  s i te (ma jor C OTmlu n i t y ,  species compos i t i o n ,  and 'I of cove r ) :  

2 9 .  Faunal observa t i on s :  

30. Potent i a l l v  exploitable resources (Your op1n1on, what resources d i d  the occupan t s  
o f  t h i s  s i t e  possibly exp l o i t  - mine r a l s ?  fauna? f l ora? water? soi l ?  e t c . ) :  

3 1 .  GRES C lass i f icat ion, t o  be a C R  Professiona l .  C i rc l e one and 
e n t e r  i n  i t em l . :  S l  52 SJ 54 SO 

Explana� ion: 

Evalt:ator : Title: D.'lte: 
32 . Other evaluation & remarks: 

) J .  Informa n t s  & ref�rences (pub l i shed & unpub l i shed referenc� s .  National R e � i s t e r  
prope r t i e s  i n  general area ) :  

)4.  Phot o s :  

3 6 .  Locat ional ske tc h ,  s i t e  ske t c h :  

38 . Ar t i fac t i l l u s t r a t ions : 

3 9 .  Recorded b y :  
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J S .  Xerox o f  topo. shee t :  
Yes No 

37. Continuation Sheet : 

Yes No Yes No 

Yes No 

Date record<!d: 

v•ro ata nearest ot •ratnage ep emera

only completed by





1 .  Recorder (s) : 3 .  BLM Rating : 
BASIN RESEARCH ASSOCIATES 

4 .  Fie 1 d fl :  Short Form, Cultural 
Resources Inventory Record 

2 .  Date: 5 . CA 11 : 

USE: For the recording of isolated finds and extremely small cultural resource 
properties (less than 20 items) as defined by current government 
practices and/or Basin Research Associates internal guidelines (06/79) . 

7 .  

8 .  State: 9 .  County :  10. Elevation: 

1 1 .  Map Reference: 

1 2 .  T .  R .  , Section , � of of � 
1 3 .  Site Type: 

1 4 .  Geological/Geographical S ituation and Brief Description: 

1 5 .  Nearest 

16.  Vegetation (Major community and flora at site or in immediate vicinity) : 

1 7 .  Artifact s ,  Materials ( I f  all observed materials were not collected , so note) : 

18 . DLM Classif ication (Note one and enter in No. 3) : Sl S 2 S 3  S4 

Evaluator: Title: 

1 9 .  Remarks (Photos ( ? ) , sketches ( ? ) , etc . ) :  

20.  Site Marked (staked ( ? ) , flagged ( ? ) , . describe) : 

Use Reverse If Necessary 

Fi gure 1 5  
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Project: 

14.

Water: 

Date:  Explanation: 



IDENTIFICATION 

ROCK ART RECORDING FORM 

BASI N  RESEARCH ASSOCIATES 

Type of Site (petroglyph, pic tograph, 

Name of site S i te Designation'--��������� 

Previous Design a t i o n ( s )  Recorded b y  

LOCATION 

Section Marine Chart 

UTM Grid 

Elevation (metric units above sea leve l )  Airphoto No . 

Location and Access (describe in 

Historic Band 

Band 

Figure 1 6  
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combination)

(name/address)

Geographic Coordinates

Date

Lot Plan

Reference  Map

detail)

Address

Territory

Linguistic Group



PROXIMITY TO KNOWN ARCHAEOLOGICAL SITES (be explic i t )  

MAP O F  SITE (indicate access routes, orientation, topographic features , e tc . )  

2F-68 
Indicate North by the use 
of an arrow. 

SCALE



DESCRIPTION 

Method of Manufacture (pecked, incised, painted with brus h ,  e tc . )  

Direction the panel (s) face, use cardina l ,  quadrant or azimuth notation (eg. North
east; N45E, 450 ) : 

Panel 

Angle of Inclination of pane l ( s )  to groimd surfac e :  

Panel 

Panel 2 

Estimated insolation: ( the number o f  hours o f  exposure per day for each season) 

1) 
2) Summer " 
3) Fall 
4 )  Winter 

FLORA OF AREA (be as specific as possible) 

DESIGN MEASUREMENTS AND CLASSIFICATI-ON 

" 
" 

"Panel" refers to significantly separated design groups and are indicated by a 
capital letter e g . , Panel A, Panel B ,  e t c .  "Designs" refers to individual f i gures 
and are indicated by consecutive, non-repeated number s ,  eg. , Designs 1 , 2 ,  e t c .  
"Designs" refers t o  individual f i gures and are indicated by consecutive , non-re
peated numbers, eg. , Designs 1 , 2 ,  etc. "Type" may be e i ther anthropomorphic , zoo
morph ic , geome tric, or unknown. Dimensions of panels and individual designs are 
given in metric units. 
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Type of Rock 

] 

Panel 2 

Etc.

Etc.

1

Spring hrs./day



for example : 

PANEL PANEL DIMENSIONS DESIGN DESIGN TYPE DESIGN DIMENSIONS 

A 30m x 20m l anthropomorphic 20cm x 9cm 
A It ti 2 geome tric 30cm x 30cm 
B lOm x 4m 3 ? lOcm x 6cm 
B " x It 4 zoomorphic 12cm x 2cm 

PANEL PANEL DIMENSIONS DESIGN DESIGN TYPE DESIGN DIMENS IONS 

2F-70 (cont inued on reverse if necessary) 



DESIGN COLOUR (P referably from s tandard chart such as Munse l l  Soil Charts) 

(continue on reverse i f  necessary) 

INTERPRETATION (give source o f  informa tion, book , informan t ,  pe rsonal , e tc . ) 

DESIGN U 

COND ITION 

Lichen Present on 

Details {include diameter of 

Mineral Layer on 

Vandalism (description, 

Natural Damage (description, 
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DESIGN # COLOUR

INTERPRETATION SOURCE

Designs Nearby Type(s) 

lichen)

Designs Nearby Type(s) 

Details

location)

location)



RE CORD INC 

Rubbings/Tracings ( l i s t  method, mate r i a l s ,  place of s torage) and label each rubbing 
o r  tracing with panel l e t t e r  and design numbe r ( s ) .  

Number made Method/Materials Storage Location 

Moulds/Casts (list metho d ,  date and place of s torage . A Casting Sheet giving speci
fic details o f  each moulding operation should be a t t ached to this form) . 

Number made Method/Materials Sto rage Location 
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Possibility of Future Damage

Recommendations/Conservation

Details

Details



Field Sketch of Panels /Designs (each panel and design should h� assigned i t s  correct 
letter and numbe r) . 
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PHOTOGRAPHY ("Subject" refers to panel and individual design or group being photograp hed . 
It should also indicate distance from rock face . All s i tes should be photo
graphed from a distance to show location , then closer to show entire s i t e  and 
finally each group and individual design should be photographed close up . )  

FILM TYPE --- TIME OF DAY ----

Additional Comments Regardin� 

Other Photographs ( i f  privately owned give �wner ' s  name s ,  addresses ,  and date when photo
graphs were taken) 

ADDITIONAL COMMENTS CONCERNING SITE 
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kOLL FRAME SUBJECT 

Pho tog rap hy 



BASIN RESEARCH ASSOCIATE S ,  INC . 

SAMPLE UNIT RECORD FORM 

l .  Sample Unit  Number 2 .  Photo Number( s )  

3 .  Type of Unit  (C ircle  One On l y )  Ori g i nal  A 1 tered Di scretionary 

4 .  Map Location of Un i t  W i t h i n  Section 

5 . . Townshi p 

6 .  Range t 
7 .  Section 

9 .  Oa te 1 0 .  Other Un i t s  

1 1 .  F i e l d  Supervisor (Name) 

1 2 .  Crew Members (Names) 

1 3 .  Prehi storic Loci Recorded ( S i tes/Isol ated Finds)  / 

1 4 .  Hi storic Loci Recorded ( S i tes/I sol ated Finds)  / 

1 5 .  Describe ( the su itabi l i ty of thi s area for past human acti v i ty )  

1 6 .  General Survey Conditions ( Ci rc l e  One Onl y )  Good 

1 7 .  Describe (General Survey Condi t i ons ) 

1 8 .  Describe (Method and Accuracy of Locating Sample Uni t )  

Figure 1 7  

2F-75 

Average Poor 

15 .

Today



BAS I N  RESEARCH ASSOCIATES 

1 9 .  Vegetation ( Descri be )  

2 0 .  Dra i nage (rank  at  l east one)  § Converging 
Di verg i n g  
Braided 
Other ( Describe ) 

UNIT 

21 . Di stance to Nearest Permanent Water meters 

2 2 .  Type { C i rc l e  One On l y )  Spring 

2 3 .  Water Resources ( Descri be)  

24 .  Landform ( Describe)  

25 . Slope ( rank at  l east one ) 

Level (0-3°6 
Gentl e ( 3-8 ) 
Moderate (8-66 ° )  
Steep ( 1 6-26 ) 
Very Steep/Pree. (26°+)  

25/2 6 .  Comments/Remarks 

Seep 
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Lake Stream Other 

26 . Aspect ( rank at  l east one)  

North 
Northeast 
East 
Southeast 
South 
Southwest 
West 
Northwest 
None 



BAS I N  RESEARCH ASSOCIATES - 3 -

2 7 .  Surfi c i a l  Deposts ( rank at l east one)  

Extrus ive Igneous 
I ntru s i ve Igneous 
Metamorph i c  
Consol i dated Sediments 
Desert Pavement 
Al l uv i um 
Col l uv i um 
Aeol ian Depos i ts 
Other ( Descri be)  

28 . Geology ( Descri be)  

UNIT  

2 9 .  Speci a l  Resources ( Desc ri be - l i thic  materia l s ,  c l ay , pl ants etc . )  

3 0 .  Di sturbance ( rank at l east one)  

Off-Road Vehi c les  (ORV ) 
Min ing  
Other Construction 
Erosion 
Graz ing  

: other Animal Dis turbances 
Cul ti vated Agricul ture 
Other 

31 . Di sturbance (Descri be )  

32 . General Observations (Detaf l ) 

31 . I n tens i ty of  Disturbance 

H i gh Moderate Low 
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-

-

••=.



Th i s  page of  the origi nal  report i s  a n  envelope containing  a foldout map for 

F i gure 18; economy precludes reproduc ing  i t  here . 
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S I TE LOCALE ANALYSIS 

A total of  25 sample uni ts were i n tens i vel y surveyed. Nine of these 

units were devo i d  of cul tural material . 16 units had prehi storic or hi storic 

cul tural remains  present. Of these , 1 3  possessed hi stori c rema ins wh i l e  

four un its contained prehi storic s i tes (one sample un it  had a mul t i -compnent 

s i te--a s i te exhi b it ing  both prehi stori c and hi stori c materia l --thus was 

counted twi ce ) .  Though the sample s ize  of un i t s  i s  smal l ,  a key question 

to ask i s  ' what d i s t i nguishes those units  wi th s i tes from those without 

s i tes? '  S i te l oca le  analysi s ,  besides be ing  a major top i c  i n  anthropol ogy 

(Bettinger 1 975 ; Busby and Kobori 1980; Thomas and Bettinger 1976 ;  among 

others ) ,  can ass ist  l and managers by prov i d i n g  summary sta tements regarding  

the probabi l i ty of  s i te occurrence on l and under the i r  di rect jurisdi c t ion .  

To determine the pattern o f  s i te occurrence w ith in  S i te 300 , el ementary 

summary sta tist ics  of central tendency pl us non-parametric tests of com

pari son were computed . These are described below. 

Tabl e 7 summarizes the total number of  sample uni ts w ith  cul tural 

resources presen t .  64% of  a l l  uni ts contai ned cul tural material rema i n s .  

Table 8 deta i l s  the occurrence of  h i s toric s i tes and preh i storic s i tes . 

Th is  table l i sts the total number o f  un i t s ,  total number of  s i tes , the mean 

number of  s i tes per un i t ,  the range of s i tes  per uni t ,  the standard devi ation 

about the mean number of  s i tes per uni t ,  and the Coefficient of  Di spers i on 

( CO ) .  The Coeffi ci ent of  Dispersion i s  an el ementary vari ance-mean ratio 

that examines the degree of  c l ustering of  cul tural resources .  A CO value 

equal to or l ess than 1 . 0  indi cates a uni form d i s tri bution of  s i tes whereas 

a val ue greater than 1 . 0 poi nts to a nonrandom, c l ustered pattern of s i te 

occurrence. The table shows that units with  hi storic sites possess a greater 

mean number o f  s i tes per uni t ,  greater than 1 per un i t .  The uni ts wi th pre

hi stori c s i tes averaged only l s i te per unit  i n  a uni form d i str i bution . Mean

whi l e .  the units with h i storic s i tes ranged from one to four s i tes per uni t .  

However,  the CO value i s  s ti l l  below 1 . 0 .  Based o n  this  data the occurrence 

of si tes on S i te 300 could be interpreted as being  a lmost random. Yet 

by exami n ing the map s ,  the sample uni t forms , and the actual l and , i t  i s  

obvious that some sampl e uni ts were si tuated on rol l i ng foothi l l s  whi l e  

others crossed steep-wal l ed canyons or gu l l i e s .  

Sample units  were d i v i ded up by l andform. Numerous units  ( 2 0 )  crossed 
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a canyon or gul ly at some point in  their 320 acre s .  Of these un i t s , 1 5  

conta i ned archaeologic  o r  h i s toric s i tes . Units  l ocated strictly within  
the foothi l l  area of Site  300 ( i . e . ,  those uni t s  that did not  cross canyons 

or gul l i es )  had one un i t  w i t h  cultural  resources present .  Despite the 
l ow Coeffi c i ent of Di spersion val ues , i t  wou l d  appear tha t an assoc i a t i on 

between s i te occurrence and l andform exi sts . To tes t this  pos s i b l e  associa

tion , the Chi -Square test was performed on the data . Due to the sma l l  valu�s 

in  expected and observed frequencies for the Chi-Square test ,  this test was 

re-computed uti l i zi ng Yates ' Correction for Continui ty ( Siegel 1956 ; Bl al ock 

1972 ; Johnson 1976 ) .  Chi- Square i s  i nd i cated by x2 , whi l e  Chi -Square 

uti l i zi n g  Yates ' Correction i s  i nd i cated by X� . Ta ble  9 tests the nul l 

hypothes i s ,  H0 ,  that regardl ess of associated l andform, a l l  units have an 

equal proba bi l i ty of cul tural resource occurrence . The al ternative hypothesi s ,  

Hi , i s  that a l l  surveyed un i t s  do not possess equal probabi l i ty of cul tural 
resource occurrence. The va lue of . 1  i s  cons i dered adequate to tes t for 
stati sti cal s i gni ficance when dea l i n g  with  l i mited archaeol ogical data 

( Pl og 1978 ) .  The res u l ts comparing sample units  with  and without s i tes 
depending upon associated l andoform, are stati stical l y  s i gni ficant.  The value 
for X� i s  regarded as more accurate . The nul l hypothe s i s  i s  rejected , the 
al ternative hypothesi s ,  H1 , i s  accepted. 

Since the sample s i ze of uni ts  i s  so smal l ,  a more rel iabl e sta t i s ti cal 

test i s  the F i s her ' s  Exact Probabi l i ty Tes t .  The Fi sher ' s  Exact Proba bi l i ty 
Test does not approximate proba bi l i ty as the Chi-Square tes t .  The tested 

nul l  hypothe s i s  i s ,  a ga i n ,  a l l  u n i ts have an equal proba bi l i ty of cul tural 
resource occurrence regardless  of associated l andform. The al terna tive  
hypothes i s  i s  d i rectional , un its that exhi b i t  greater -variety in  l andform 

wi l l  have a greater probabi l i ty o f  cul tural resource occurrence. The 
l evel of s i gn i fi cance i s  . 1  but si nce this  i s  a di rectional test , the correct 

at. i s  . l /2 = . 05 .  Tabl e l O l i sts the probabi l i ty figures for the Fi sher ' s  

Exact Probabi l i ty Tes t .  The probabi l i ty figure i s  s igni fi cant.  The null  

hypothes i s  is  rejected . 
The number of surveyed un i ts and the actual number o f  si tes and i sol ated 

finds recorded i s  very l ow .  However ,  these el ementary stati sti cal tests 

indicate that cul tural resource occurrence is associated more strongly with 
the canyon-gu l l y  l andforms than the foothi l l s .  That i s ,  activities on 

the Site 300 stand a much greater probab i l i ty of impac ting  cul tural resources 
when those tasks take place in and around canyon -gu l l y  area s .  However ,  the 
occurrence of cultural resources does not appear to be c l u stered . 
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Tab le  7 

Summary of Survey Units  with Cul tural Resources P resent 
( i sola ted fi nds i ncl uded) 

uni ts w i th 
h i storic s i tes 

units  w i th 
s i tes 

total units  
w ith  s i tes 

total uni ts 
w/out s i t  es 

total units  

13* 4 16 ( 64%) 9 ( 36% ) 

* a s ing le  mul ti component s i te {prehi storic and hi stori c )  counted twice 

Tab l e  8 

S i te 300 Lawrence National Li vermore Laboratory 
Summary - Cultural Resource Occurrence 

n 
Unit  un i ts 

Un i t s  wi th 
hi storic si tes* 13 

Units with  
prehi storic s i tes  4 

Un i t s  wi thout 
s i tes 9 

* two i sol ated finds i nc l uded 

n X per 
s i tes un it  --

2 1
+ 

1 . 62 

4
+ 

1 .  00 

range-
s i tes 

un it  

1 - 4 

s 

1 . 19 

0 . 00 

+ a  s i ng l e  mul ti component s i t e  ( prehi storic and hi stori c )  counted twice 

n = number 

X = mean 

s = standard deviation 

CO = Coeffi c i ent  of Dispersion 
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25 

CD 

0 . 8 9  

0 . 00 

prehistoric surveyed

Survey per



Table 9 

Chi -Square Test 
Landform and Cul tural Resource Occurrence 

Uni ts with  gul l i e s ,  
ravines , canyons 

Footh i l l  
units  

un i t s  
w i t h  s i tes 

15 ( 12 .8 )  

1 6  

( ) = expected frequencies 

df  = 1 
o'- =  . 1  l evel 

uni ts 
wi thout s i tes 

4 ( 1 . 8 )  

9 

H0 = Regardless  of associated l andform, al l units have an equal 
probabi l i ty of cultural resource occurrence. 

Total 

20 

5 

25 

H1 = Al l surveyed un its  do not possess equal probabi l i ty of cul tural 
resource occurrence. 

x2 = 5 . 25  
X2 = 3 13  c . 

Reject the H0 , results  are s i gni f i cant.  
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Table 10 

Fisher ' s  Exact Probabi l i ty Test 
Landfonn and C u l tural Resource Occurrence 

For the Fisher ' s  Exact Probabi l i ty Test the H1 wi l l  be directional . 

P = ( A +  + O) ! ( A + + O } ! 
N ! A ! B ! C ! O !  

( for a 2 x 2 tabl e )  

( S i egel 1956 :97)  

H0 = Regardless of associ ated l a ndform, a l l  u n i ts have an equal 
probabi l i ty of cul tural resource occurrence. 

H1 = Un i ts w i th gul l i es , ravines , canyons have a greater probabi l i ty of 
cultural resource occurrence. 

� = . 1/2  = . 05 
Fi sher ' s  Exact Probabi l i ty Tes t ,  p = .0379 + . 0016 = . 0395 

Reject the H0, resu l ts are s i gn i f i cant 

Uni ts that exh i b i t  greater vari ety in l andform wi l l  have a greater. probabi l i ty 
of cul tural resource occurrence. 
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S I TE SIGNIFICANCE 

It is the impl i c i t  purpose of both the federal and state envi ronmental 

l eg is l ation and cul tural resource mandates that al l cul tural resources found on 

federa l l y  and/or state owned or managed l ands or adjacent to these l ands are 

considered o f  importance and merit cons i deration.  Not a l l  cul tural resources 

are of equal va lue nor do they al l mer i t  National Register o f  H i storic Places 

l i sting .  In order to  assess rel ative importance for management purposes and to  

identi fy those properties on the Lawrence Li vermore National Laboratory ' s  Si te 

300 that should be nomi nated to the National Register,  Bas i n  Research Associates 

used a Cul tural Resources Eval uation System (CRES)  devised by the Bureau of 

Land Management for i t s  l arge scale inventories {Appendix I I I ) .  

Of the 24 cul tural resource properti es i denti fied during the i nventory, 

on l y  four are ei ther potent ia l  or e l i gi bl e  resources for the National Register 

of Hi stori c Places (Tabl e 1 1 ) .  The majority of  the s i tes are ei ther of  S3 or 

S4 s igni ficance ( tt l ow s igni ficance'' ) and whi l e  they merit consideration by 

Lawrence Livermore National Laboratory , that consideration should be mostl y 

of  a defensi ve nature . That i s ,  the S i te 300 management shoul d onl y i nsti tute 

measures ( other than normal protec tion from vanda l i sm )  to actively preserve 

such s i tes onl y when they are threatened by a proposed acti v i ty or undertaki n g .  
The S l  and S 2  s i tes  ( National Register s i gni ficance to "mid-s ign if i

cance'' ) merit a h igh and active degree of  consideration by the management of  

Lawrence Livermore National Laboratory. Both the Department of Energy and 

Lawrence Livermore Nati onal Laboratory must work aggresively  to insure the 

physical preservation o f  Sl rated properti e s .  These cul tural resources must 

be nominated to the National Register of Hi stori c P laces .  The "mid

si gni ficance" l evel s i tes ( S 2 )  a l so merit a high degree o f  consideration . 

Properties rated as S2 are such that wi th minor i n formati onal changes they 

wou l d  be cl assi fied a s  Sl . Management recommendations for speci fic cul tural 

resources are di scussed i n  the fol l owing chapter. 
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Site Number 

1 6 .  5 

1 7 .  1 

20 .  1 
22 . 1  

2 2 . 2  

2 5 . 1  

2 6 .  l 

26 . 2  

27 . 1  

2 7 . 2  

28 . l 

28 . 2  

2 8 . 3  

2 8 . 4  

28 . 5  

2 9 .  l 

2 9 . 2  

2 9 . 3  

33. l 
34 . 1 
34 .2  

34 . 3  

34 . 4  

35 . 1  

Ta b le  1 1  

S ITE SIGNIFICANCE RATINGS 

S i te 

L i th ic  Scatter 

Petroglyph (Hi stori c )  

Trash Scatter (Hi stori c )  

Rockshelter - Prehistoric 

Rockshelter - P rehi storic  

Isol ated Find - Historic  

Trash (Histori c )  

Rubbl e ( Hi s tori c )  

Structure ( Hi stori c ) 

Trash Scatter { Hi stori c )  

Pi pel ine (H i stori c }  

Structure ( Hi s toric )  

Trash Scatter (Hi stori c )  

Petroglyph ( H i sto r i c )  

Rockshelter - Mul ti component 

I so lated Fi nd - Hi stori c 

Power/Tel egraph L i ne 

Mine Addi t 

Town s i te - Hi storic  

Petroglyph (H i stori c )  

Petroglyph (H i sto r i c )  

Petroglyph (H i stori c )  

Petroglyph ( H i s tori c )  

Foundation ( H i stori c )  
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S I TE PROTECTION MEASURES 

The i denti ficati on o f  s i te speci fic  protection needs must be 

accompl i shed through the consideration o f  the regional archaeo l og i c a l  and 

h i stori cal  record . The protection measures employed must a l so be appropriate 

to the part icu lar  "use" i denti fied for the resource . Such a committment i s  

genera 1 1  y best determined where research and management objectives for a n  area 

have been devel oped . In genera l , the devel opment o f  protection measures must 

be based on an understand i n g  o f  the val ues associ ated w ith  the resource. i t ' s  

potent ia l  use s ,  and the nature of  the threats to the resource ( c f .  Ta bl e 1 2 ) .  

Clearl y ,  the man i pu l a t i on of  the resource may not be appropriate i n  cases 

where socio-cul tural val ues are concerned with rel i g i ous matters or formal 

soc ia l  acti v i t i e s  o f  a ceremonial  nature . Such uses can frequently be im

pacted by modern i ntrusi ons out of  character with the s i te val ues . The 

i ntrus i ons may not even need to l eave phys ical  evi dence to contaminate the 

sac red character. 

Vanda l i s m  

Tab l e  1 2  

Sel ected Types of  Impacts 
App l i cab le  to S i te 300 

Materi a l s  S i tes 

Casua l Off-Road Use 

Range F i res/Fi re Control 

R i ghts of Way/Access Roads 

Construction 

The fol l owi ng ta b le  i nc l udes the major categories of  protec t i on 

measures tha t may be app l i cab le  to the cul tural resources l ocated w ith in  the 

boundaries of S i te 300 . 

Ta b le  1 3  

Protec t i on Measures 

1 .  Patrol l i ng/Survei l l ance - to mon i tor natural deterioration , d i rect and 
i n d i rect effects of devel opment projec t s ,  and prevent vanda l i s m  and 
other unauthorized uses . This  measure i s  appropr iate for a l l  s i te types . 
particularly  those most access i b l e  to human traffi c .  

2 .  Publ i c  Awa reness - accompl i s hed through s i gn i n g ,  i nterpreti ve trai l s ,  
brochures and publ ications . Th i s  measure i s  most e ffec t i ve for 
curb ing  vanda l i sm and bu i l di n g  popular support for archaeo l ogical / 
hi storical  programs . 
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3 .  Project Avoidance - the preferred action when deal i n g  wi th al l s i te type s ,  
but particularly  i n  cases where si tes are of  such substantial  nature 
( e . g . , rockshel ters , extensive hi storic s i te s ,  etc . )  that adequate data 
recovery procedures cou l d  not be impl emented due to funding  defi ci encies 
and , part i c u l a r l y  short time deadl i ne s .  

4 .  Fenc i ng - restricts access to s i tes . Shou l d  be used only  i n  areas where 
survei l l ance and mai ntenance i s  fea s i b l e .  

5 .  Erosion Control - to protect s i tes from l ake o r  ri ver water l evel s ,  runoff 
areas , movement of sands by wind  acti o n ,  and other potential problems . 
Drainages may be mod i fi e d ,  stream and l akeshore banks rei n forced , 
and construction of  catch basins , d i versions or  windbrea k s .  

6 .  Systematic Data Recovery - for si tuations where s i tes cannot be preserved 
i n  pl ace . Thi s option i s  more appl i cab le  to sc ienti fic val ues than 
soc i o-cul tural va l ues , and i s  more accompl i shed by deta i l ed recordation , 
surface col l ection  and excavation . 

7 .  Spec i a l  Management Area Desi gnations - this  action i s  i ntended to provide 
l ong term i n - s i tu preservati on . I n  regard to sc ienti f ic  values , the 
resource i s  set a s i de i n  some cases so that future genera tions of schol a rs 
may be able  to pursue field  research wi th more sophi s t i cated anal ytical 
methods and techniques than are currently ava i l ab l e .  

The selection of  the most appropriate measures i s  di ctated by research 

objectives i n  add i t i on to other factors . Research objectives can only be 

refined as the knowledge of  the data base . Major data gaps presently exist  

for the LLNL S i te 300 area espec i a l l y  i n  terms o f  a boriginal  use  and  certain 

hi storic acti v i ty-use area s .  These gaps may be corrected through future 

resea rc h .  
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CULTURAL RESOURCES MANAGEMENT RECOMMENDATI ONS 

A number of cul tural resource protecti on/management options are 

ava i l abl e to the management of Lawrence L i vermore National Laboratory for 

S i te 300 i n  order to ful fi l l  the requi rements o f  the various federal and state 

mandate s .  For the CRES rated S 3  and S4 s i te s ,  i t  i s  recommended that a strategy 

of pa ssi ve/defens ive  protec t ion ( i . e . , patrol l i ng/survei l l ance)  be inst i tuted 

w i th acti ve measures considered only  when the resources are threatened by a 

proposed acti v i ty or  underta k i ng ( c f .  Ta bl e 1 4 ) . 

Ta bl e 1 4  

Pas s i ve Protect i on Measures 

S ite  Number 

1 6 . 5  

1 7 . 1  

2 0 .  1 

2 5 .  1 

26 . 1  

26 . 2  

2 7 . 1  

2 7 . 2  

2 8 .  1 

2 8 . 2  

2 8 . 3  

28 . 4  

2 9 .  1 

34 .  1 

34 . 2  

34 . 3  

34 . 4  

35 . l  

S i te 

L i t h i c  Scatter 

Petroglyph ( H i stori c )  

Trash Scatter (Hi stori c )  

Isol ated F ind - Hi s toric  

Trash ( H i s tori c )  

Rubbl e ( H i stori c )  

Structure ( H i stori c )  

Trash Scatter (H i stori c )  

P i pe l i ne ( H i stori c )  

Structure ( Hi stori c )  

Trash Scatter ( H i stori c )  

Petroglyph ( H i stori c )  

Isol ated F ind  - H i storic 

Petroglyph (H i stori c )  

Petroglyph ( H i stori c )  

Petroglyph ( H i stor i c )  

Petroglyph ( H i stori c )  

Foundation ( H i sto r i c )  

The fol l ow i ng recommendations are di rected a t  spec i fic  s i tes i nventoried 

during the survey. 

Prehi storic Cul tural Resources 

S i te 2 2 . 1  - Thi s  prehi stor ic  rockshelter wi th three bedrock mortars and 

a m idden depos i t  has potenti a l  for contributing data of sci enti fic/educational 
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va l ue based on the eva l ua�ion of i ts surface component . A true as sessment of  

its  " s i gn i ficance'' can  only be determined through the impl ementation of  a 

l i m i ted subsurface tes i n g  program. It i s  recommended that the s i te be tested 

to provide the necessary data for determi n i ng i ts National Register of Hi storic 

Pl aces signi ficance . Patrol l i n g ,  project avoidance and fenc ing  are suggested 

as protection measures prior to the testi ng program. I f  testi ng i s  rejected , 

i t  i s  suggested that the si.te be desi gnated as a " Special  Management Area . "  

S i te 2 2 . 2  - One bedrock mortar and no di scern i b l e  mi dden characterize 

thi s rockshe l te r .  Thi s s i te may have a potenti al subsurface desposi t  which 

shoul d  be determined through a l i mi ted testing program. It i s  recommended that 

the s i te be tested to provide the necessary i n formati onal data for determining 

i ts National Register s i gn i ficance . Unti l the advent of  the testing program, 

i t  i s  recommended that patrol l i n g ,  project avoidance and fenci ng be uti l i sed 

as protection measures . I f  the testing option i s  rejected , i t  i s  suggested 

that the s i te be desi gnated as a " Spec ia l  Management Area . "  

C u l tural Resources 

S i te 28 . 5  - This  s i te contains both a prehistoric and h i stori c component. 

Three bedrock mortars and four depres si ons , that may be i nc i pi ent mortars , 

characterize the prehi stori c features of  the rockshe l te r .  No midden deposit was 

d i scern i bl e  by the archaeol ogical f ield  team al though al l of  the prehi stori c 

features were found s l i ghtly below the present ground surface. H i stori c 

grafi tti , ranging in  date from ca . 1 92 2  to 1 97 6 ,  are found i nc i sed on the 

rockshelter wal l s .  In terms of  National Register s i gni ficanc e ,  i t  i s  

recommended that the s i te be tested to determine i f  any s i gn i ficant subsurface 

prehistoric component i s  present. I f  the testing option i s  rejected , i t  i s  

recommended that patrol l i n g ,  project avoidance and fencing be consi dered as 

protective measures . In add i ti on , i t  i s  recommended that the s i te be consi dered 

as part of a "Special  Management Area'' i f  no immediate determi 11ation of i t s  

s i gn i fi cance can be made. 

H i storic Cul tural Resources 

S i te 2 9 . 2  - T h i s  hi stori c power o r  tel egraph l i ne requires add i tional  

arch i va l  i n forma tion to establ i s h  i ts s i gn i f i cance in the overa l l  h istoric 

record of  Corral Hol l ow .  I t  i s  recommended that a pa s s i ve program of  a vo idance 

be fol l owed for the l i ne . Additional archival  research is recommended to 

determine i ts origi n ,  use and s i gn i fi cance . 
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S i te 2 9 . 3  - Thi s  mine add i t  with a S3 rating should be further investi 

gated through a rchi va l  research to determine i ts use and h istorical s ign ifi cance . 

It  i s  recommended that a program of  pas s i ve protection and unobtrusive s ign i ng 

be undertaken to warn personnel of the dangers of abandoned mi ne shaft s .  

Site 3 3 .  l - Thi s  cul tural resource l oca le  appears to be a major 

residential area for the town of Carnegi e .  As suc h ,  it must be S l  rated due 

to the s i gni ficance of Carnegie in the overa l l  h i s toric records of Corral 

Hol l ow .  I t  i s  recommended that thi s  area be nominated to the National Register 

of H istoric Pl aces or, in cooperation with the State of Cal i forni a ,  that th i s  

area and the current s i te of Carnegie be nominated as a Hi storic District .  

Prior  to the nomi nation process , it  i s  recommended, i f  sufficient funds are 

avai l a bl e ,  that a selecti ve subsurface testing program be i nsti tuted in Sections 

33 and 34 to determine the l ocational boundaries , variety of material cul ture 

debris and i n tegrity of the exi sting s i te . I f  funds are not ava i l a b l e  to 

adequately test the areas wi thi n the juri sdi cti on of Lawrence Li vermore National 

Laboratory ' s  S i te 300, i t  is recommended that the area be pl aced in a "Spec ial  

Management Area" designation and subjected to  active protection incl uding but 

not l i mited to patrol l i ng/survei l l ance , publ i c  awareness and fenci n g  due to i ts 

exposed l ocation .  It  i s  further recommended that a selective " systematic  

data recovery program be given the hi ghest priority to determine the si gni ficance 

of the scienti fic val ues currently extant at the s i te .  

Areas of Probable H i s toric 

In  addition to the above speci fi c  s i te s ,  a number of areas within the 

S i te 300 boundaries may be of potenti a l  archaeol ogical s i gn i ficance . 

- Section 29 (SW  porti on ) i s  known to have princ i pa l  shaft s 1  addits 

and/or tunne l s  present ( S i tes 2 9 . 3 ;  Barze l l otti 1 907 ) .  The San Franci sco and 

San Joaquin Coal Company owned property a l l  along the Corral Hol l ow Road 

incl uding Section 29 ;  the southern hal f of Section 28;  Section 34 (which 

contains Carnegi e ) ;  and the SW� o f  the SW� o f  Section 2 7 .  The Lorraine 

Mi ning  Company owned and worked within the NW� of Section 2 6 .  

Habitation - Sections 33 and 34. These sections had residential structures 

present which i nc l uded houses occupied by management fami l i e s ,  a l ong with  

other residential row houses and  probably bunkhouses assigned to  the I ta l i an 

arti san s .  I n  add i ti on to the houses , there shoul d be numerous out-bu i l dings 

such as pri vies  and trash pits ( c f .  S i te 3 3 . l  ) .  
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- On the bas i s  of personal interv i ews with Messrs . James E .  McFarland 

and Roy F .  Mul l i ns  of LLNL S i te 300 coupled w i th archival  researc h ,  a number 

of ranch ing  rel ated structures are known to have exi sted on the property. The 

O' Brien Ranch ,  destroyed i n  1 91 1 -1 91 2 ,  was probably located i n  Secti ons 20 or 

2 9 .  Other ranching  related structures may be found i n  Sections  1 5 ,  1 6 ,  28 

and 35. Sect i on 15 had a ranching  residence which on-s i te gradi n g  has buried . 

Section 16  was occupied by a number o f  separa te ,  but fami l y  rel a ted bui l di ngs , 

which  i n c l uded a home, corral , barn and windmi l l . Sec tion  28  has part o f  a 

sheepherder shack present ( S i te 28 .2 ) .  The l ast secti o n ,  35 , had a house , 

barn , corral and windmi l l  ( S i te 35 . 1 )  present prior to condemnati on . 

Nati ve American Considerations 

No s i tes or l ocales  of a sacred or uti l i tarian  nature to l ocal Na tive 

American groups were noted during the l i terature survey of  the ethnographic  

data . Inqu i ries  to the State of C�l i forni a  Nati ve American Heri tage Commi ssion  

revea l ed no known ''sacred pl aces" on thei r  current i nventory a l t hough thei r  

rep ly  l etter requested such i n format ion i f  any were l ocated during our survey. 

Consi deri ng  the transi t i onal l ocation of the property between two d i f ferent 

tribal groups (c f .  Ethnography, thi s report ) , i t  i s  unl i ke l y  that spec i fi c  

trad i ti onal gathering l ocal es  or rel i gious areas wou l d  have been located i n  a 

zone uti l i zed i n termi ttently by two tri bal groups . 

r t  i s  recommended however , that Lawrence L ivermore National Laboratory 

cooperate w i th the Native American Heri tage Conmi ss ion i f  pos i t i ve i n forma tion 

or data are l ocated that may support the presence of sacred l oca les w i t h i n  the 

boundaries of S i te 300 as per Publ i c  Law 95-341 (Ameri can  Ind i an Rel i g i ous 

Freedom Act ) . 

A number of management options have been offered for the cul tural 

resource properti es l ocated d�ring the s i t e  i nventory. It i s  recommended 

that the s i te tes t ing  and ana l ys i s  option be seriously consi dered , where 

appl i cabl e ,  to further determ i ne speci fic cul tural resources properti es 

s i gn i ficance . Pas s i ve protecti on measures are suggested for a l l  s i tes to 

i n sure thei r  preservati o n .  An acti ve program o f  s i te protec tion i s  recommended 

for Carnegie due to i ts acces i bi l i ty and c l ose proximi ty to a we l l  travel l ed 

roa d .  
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APPENDIX 3A 

ACCIDENT EXPERIENCE AT THE DOE LIVERMORE LABORATORIES 

This appendix lists the accidents at the DOE Livermore Laboratories which either had off-site 

impact or the potential for such impact .  Accidents are listed in chronological order. A search of 

available records prior to 1960 indicated that none of the accidents listed had off-site impacts. 

Following each accident, an investigation was conducted to determine its cause, prevent reoccurrence, 

and decide if the potential existed for similar accidents . For those accidents not due solely to 

human error, some of the corrective actions are presented. 

Fire in a Cave--Nov . 8, 1960 

The fire started, apparently, as a result of an overheated oil bath. The fire, spread by the 

coating on the interior of the glove box, destroyed the contents of the room containing the cave. The 

fire was out in 12 min due to the rapid and effective response of the Fire Department. The total cost 

of the fire was estimated at $194,000. Fortunately, the cave contained only a few �Ci of curium so 

that contamination was restricted to the immediate area. 

The following changes were made in the facility to prevent and mitigate a reoccurrence :  

• Overhead sprinklers were instalied . 

• A research �rogram on coatings and their flammability was started. 

• A drain and sump system was installed to retain contaminated runoff 

water from fire fighting. 

Nuclear Excursion--March 26, 1963 

The excursion occurred in Building 261, during a cr iticality exper iment, in a room designed for 

such experiments . The excursion of 4 x 10
17 

fissions was attributed to mechanical failure dur ing 

the experiment. 

Sampling undertaken immediately after the incident showed that only small amounts of short-lived 

gaseous fission products were released from the experiment room. Equipment was redesigned to minimize 

reoccurrence . 

3A-l 

Curium-Processing



Release of Tritium to 20, 1965 

350,000 Ci of tritium were released from Building 331 and vented to the atmosphere through a 30-m 

stack. 
3 

The accident was the result of human error while working on a system containing H gas under 

pressure. Most of the 
3

H remained as 
3

a2 
gas rather than oxidizing to tritiated water. Thus, 

no significant exposures or deposition occurred, either on site or off site. Administrative controls 

were adopted to provide greater safety in gas transfers. 

Plutonium Fire in 13, 1965 

A plastic bag containing some plutonium and plutonium-plated pieces caught fire as i t  was being 

moved for place111ent in a metal can. It was inuaediately extinguished. No detectable plutonium escaped 

the building. The cost of $30,000 for the incident was for deconta•ination. 

Handling procedures were changed to prevent a reoccurrence . 

Release of Acid to the Livermore Sewer--Harcb , 1967 

An acid discharge from LLNL's Building 321 Plating Shop caused the pH at the Livermore City 

treatment plant to drop to 3.2. This resulted in a reduction in the anerobic bacteria colony 

necessary for function of the sludge digester&. Plating Sbop personnel were informed of the effects 

of such acid releases in the Treatment Plant ' s  operation. 

Release of 239 pu to Sewer--May 25 to June 1 5 ,  1967 

During the above interval, 32 mCi of 
239

Pu was accidentally released by LLNL to the sanitary 

sewer. No samples taken during the release had concentrations greater than the 111aximum permissible 

concentration in water as specified by ERDA Manual Chapter 0524. 
239 

The Pu followed the sludge 

through the sewer plant and was deposited principally in the bottom of the sludge lagoons . 

The dried sludg e ,  which is used mainly as a soil conditioner , contained 2-3 pCi/g of 
239

Pu. 

LLNL bas tilled sa111ples of this dried sludge into a veqetable garden on the Liver1110re site. Air 

samples taken downwind during tilling showed concentrations up to 2.5l of the permissible 

concentration specified for the general public by ERDA Manual Chapter 0524. Samples of the vegetables 

grown in the test garden were analyzed for plutonium. Calculated radiation doses to an individual 

tilling the sludge and eating �ne veqetables were negligible compared with that received from natural 

sources . Details of this study are reported in IABA-SM-199/42. 
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Corrective action consisted of closer surveillance of tank discharges and installation of a 

continuously operating, highly sensitive effluent monitorial system. 

Release of Chromium to the Livermore 6 & 20, 1967 

Chromium was found in the influent stream in concentrations up to SO ppm. The activity of the 

bacteria colony in one digester was reduced . LLNL paid for cleanup costs. Release due to "bright 

dip• cleaning operations. During investigation of the first release there was a second release of 

approximately lSO liters of chromic acid solution containing copper residue also from "bright dip" 

operations. Corrective action for these releases consisted of written procedures covering disposal of 

spent chromic acid and safety talks to shop personnel. 

Release of to the Storm Sewer--February 1 ,  1968 

A liquid waste retention tank at Building 281 overflowed and released 380 µCi 
131

1 and 2 
90 

µCi Sr, which eventually ran into the storm sewer. The 24-h average concentration, in water, for 

the two nuclides combined was SO times the maximum permissible concentration in water specified by the 

ERDA Manual Chapter OS24 at the point where it left the site. However, dilution and deposition 

reduced the concentration to below detectable limits at the point where the Las Positas Creek (into 

which the storm sewer empties) crosses Vasco Road. Improved procedures for retention tank operation 

were adopted to minimize reoccurrence. 

Release of to 

A tank containing copper-cyanide in the LI.NL Building 321 Plating Shop failed. About 210 liters 

were released to the sewer. About SOt of the bacteria in the trickle filter (aeration tank) were 

killed. Aoutine inspections of tankage integrity were adopted . 

Release of to the Storm 13, 1970 

Liquid waste was being transferred between tanks at LI.NL Building 281 with two valves in the 

wrong position. About 1640 liters of water containing 6, 6 µCi of 
60co, 

S8co, 
65zn, and 

51cr 

were released to the storm sewer. Rain water, mixed with the liquid waste, reduced the 24 h average 

concentration at the site boundary to 1/2 the maximum permissible concentration in water as specified 
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by ERDA Manual Chapter 0524. Initial concentrations in Las Positas Creek, at Vasco Road , were l \  of 

tne maximum permissible concentration. Samples taken at the same point two days later were below 

detectable limits. 

Two corrective measures were taken as a result of this incident: ( 1 )  the valve that allowed the 

contaminated water to escape was padlocked closed and ( 2 )  a berm was constructed to retain future 

spills from the waste tank area on site. 

Release of Tritium to the Atmosphere--August 6, 1970 

Tne failure of a component in a pressurized gas system containing tritium resulted in the loss of 

300,000 Ci of 3
fii to the atmosphere through the 30-m stack at Building 331. As a result of this 

release, the design criteria for 3tt2 pressure systems have been strengthened . Secondary vessels 

to contain the gas were included , where possible, to reduce the probability of another incident. No 

detectable doses were received by the public. 

Release of Acid to 10, 1971 

A low pH led to diversion of flow at Livermore Water Reclamation Plant. Corrective action 

consisted of administrative controls in the form o f  written procedures governing discharge of acids to 

sanitary sewe r .  

Release of Acid to Sewer--October 2 0 ,  1971 

A low-pH alarm was caused by a leaking acid tank at LLNL's Building 321 Plating Shop. No 

diversion was requ ired. Tankage repaired and routine surveillance of chemical tankage adopted . 

Plutonium in Off-Site 1973 

On December 10, 1973, E.RDA-SAN was notified by LI.NL that several annual off-site soil samples 

239 
collected in 1973 at locations east of Greenville Road contained Pu levels above those typical of 

global fallout. The plutonium content of these samples ranged from 30 to 200 fCi per gram, whereas 

glooal fallout 239Pu in soils within the Livermore Valley ranges from 3 to 30 fCi/g . The elevated 

239Pu levels are believed to be due to an April 1973 release o f  activity during transfer of dry 

material from one of the solar evaporators located upwind from the Greenville Road locations . 
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As a corrective measure ,  a closed evaporator is now used for volume reduction of radioactive 

liquid wastes and the solar evaporators are no longer employed for these wastes. 

Fuel Oil Tank 1975 

On January 14 or 1 6 ,  1975, a construction contractor working at SNLL unknowingly drove a 

grounding rod through the feed line connecting the fuel oil storage tank to the central boilers. On 

the 31st, natural gas service to SNLL was interrupted and oil was let into the line so that oil could 

be pumped fro11 the fuel o i l  storage tank into the day tanks serving the central boilers. A gross leak 

resulted, which was discovered on February 11 after rain displaced oil to the surface. About 227 m3 

of fuel oil of the 6 5 5  m
3 

stored there had seeped into the ground. A continuously reading 

fuel-level nieter was placed on the tank. 

Release of Acid to Sewer--March 1 0 ,  1975 

A low-pH alarm led to diversion at the Livermore Water Reclamation Plant. The release was due to 

nitric acid from SNLL Building 913 Plating Laboratory. Administrative controls were instituted to 

regulate disposal of chemicals and an improved design of pH meter was installed at sewage outfall. 

Americium to 25, 1978 

Twenty-one waste sacks containing approximately 43 iici of americium were mistakenly placed in 

an LLNL Dempster Dumpster and delivered to the Eastern Alameda County Disposal Site. The material was 

locatea and recovered. Decontamination of the area was completed on August 2 9 ,  1978. A program of 

training and improved supervision was adopted to prevent a recurrence of misplaced radioactive waste. 

Gasoline Loss--March 1 1 ,  1979 

3 
On March 1 1 ,  1979, gaging showed that 33 m of gasoline had been lost at the LLNL motor pool 

due to probable rupture of old Navy tankage . Samples from a nearby off-site water well located down 

gradient (to the west) showed no hydrocarbon contamination of the groundwater . Operations were 

transferred to new tankage and old tankage was not repaired. No correction action taken. 
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Plutonium 8 and 16, 1980 

On April 8 ,  1980, a length of plastic tubing , used as part of an argon supply line inside a glove 

box in Building 332, popped off. a hose-barb connection and overpressurized the glove box. The 

pressure burst a glove and contaminated the laboratory room with plutoniW111 approximately 3 u g  of 

plutonium was released to the environment outside Building 332. 

On Apr il 16, 1980, a flash fire involving ethanol from an ultrasonic cleaner occurred in a 

sample-preparation glovebox in Building 332. The pressure generated during the fire was sufficient to 

force the top of the glove box out of its retaining clips, thus allowing a small amount of plutonium 

to escape and contaminate the laboratory room. No plutonium was released to the outside environment. 

On the first incident ,  release of plutonium to the outside environment was determined to be due 

to improper installation of high-efficiency particulate air (HEPA� filters and failure to perform the 

required filter teats. Because such failures might apply to the entire building, routine operations 

in the Plutonium Facility were stopped until similar glove boxes were inspected for adequate 

pressure-relief 111echanisms and all filters were teated for proper installation and performance. 

The second incident was caused by failure to turn off the ultrasonic cleaner, which resulted in 

evaporation of the ethanol and eventual electrical breakdown of the cleaning unit. A contributory 

cause of this accident was failure to flush the glove box sufficiently with an inert gas to reduce the 

oxygen content below that which will support combustion. 

Corrective action for both incidents included intensive training of all personnel in the 

technique of safety surveillance . A quality assurance program was instituted for filter installation 

and testing. Particular emphasis was placed on assuring that those responsible for facility 

management also recognized their safety responsibilities. 
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LLNL DI SASTER CONTROL PLAN 

INTRODUCTION 

Lawrence L i vermore Nat i onal  Laboratory (LLNL ) ,  i n  i ts cont i nu i ng effort to 

ensure safe and conti nuous operation, care for i ts empl oyees, safeguard 

l aboratory property and records,  and minimize any off-si te effects of 

i nc i dents which may occur at the l aboratory, hereby sets forth i ts D i s aster 

Control P l an.  

The d isaster response and m it igation ph i l osophy of  LLNL i s  one of  maximum 

re l i ance upon and use of on-site organ i z ati onal capab i l i ti es and resources. 

This  i s  based upon the real i zat i on that during a major d isaster, such as an 

earthquake or nuclear attack , outside hel p  may not be avai l ab l e .  

The Laboratory Emergency Services,  and other human and mechan ical  

resources throughout the l aboratory, shall  strive for the common goal of 

i nc i dent mit i gat i on ,  cont i nu i ty of operat i on s ,  and recovery. LLNL al so stands 

ready to ass i st the surrounding commun ity i n  time of d i saster. 

The LLNL D isaster Control P l an describes how the i ntegrated Matr i x  system, 

common to a l l  l aboratory operati ons, functi ons i n  an eme:gency. This p l an 

i nc l udes the fol l ow i ng components:  1 )  the overal l d i s aster control p l an;  2 )  

the Emergency Operations Gu ides;  3 )  supplements; and 4 )  the Organ i zati on 

Acti vat i on Matr i x .  The key i s  simpl i c i ty. The D i s aster Control Organ i z at i on 

must expand upon ex isti ng emergency service un i ts which routi nely cope with 

smal l and moderate accidents ( F i g .  1 ) .  The bas i c  emergency service support 

e�emer.ts i ncl ude the F i re Department, Secur ity, P l ant Engi neering and Safety 

Team un i t s .  The p l an out l i ned i n  this  document i s  concerned with major 

emersenci es or disasters that i nvolve the total D is aster Cantrel 

Grgan i z at i on .  The D i s aster Control Organ i zat i on i s  d i v i ded i nto an 

Admi n i strative and a F i e l d  Group. The F i e l d  Group i s  subordinate to the 

Admi ni strative Group and is respon s i b l e  for performing the f i e l d  operat i ons 

necessary to a l l evi ate the effects of a d i saster. 

The F i e l d  Group usual l y  operates out of a f i e l d  command post. The 

Admi nstrative Group genera l l y  operates out of the Emp� �ency Operations Center 

( EOC ) ,  which is current l y  l ocated i n  B l dg .  271;  the Al trat i ve Group 

develops po l i cy gu i de l i nes governi ng the operations of the D i s aster Control 

Organ izat i on .  In the event of a d i saster , the Admi n i strative Group i n  th� �QC 
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a l so provi des over a l l  control and admi n i strat i ve support, and noti f i e s  

concerned i n d i v i dua l s  and off - s i te agenc i e s ,  i nc l u d i ng the med i a .  Al l 

Laboratory s c i e n t i f i c  and techn i cal departments are requi red to assi st when 

reque�ted by the D i s aster Control D i rector. 

In general , most emergencies do not i nterrupt w i de segments of l aboratory 

operat i on s ,  and the general pub l i c  or the local colTITiu n i ty does not become 

i nvol ved. Emergencies are reported to the F i r e  Department and are referred, 

i n  turn, to the person ( s )  respon s i b l e  for contro l l i ng that par t i cu l ar type of 

acc i dent. Examples of such emergencies are hazardous sp i l l s  or water, 

f l alTITi ab l e  mater i al ,  tox i c  mater i a l s  or radionuc l i des releases, accidental 

expl osi ons,  f i res or suspected f i re s ,  and i njur i es req u i r i n g  fi rst a i d .  Major 

emergen i ces are acc i dents that endanger l i fe and property. 

D i s asters are defined as serious acci dents that cause i njur i es or 

exten s i ve damage and threaten to cause add i t i on a l  i nj u r i es and damage; 

d i s asters res u l t from natural or man-made causes. Gener a l l y ,  accidents that 

can cause serious off - s i te effects and create publ i c  re l at i on s  problems w i th 

the conmun i t y  are c l ass i f i ed as d i sasters. The enti re D i s aster Control 

Organ i zati on is ava i l ab l e  to the colTITiun i ty dur i ng d i s asters to control the 

extent of i njuri es and property damage. 

D i s asters of natural or i g i n  are earthquakes, f l oods,  severe weather, and 

hurricanes. Of these, earthquakes are the most l i k e l y  to affect over a l l  

l aboratory operat i ons by damag i ng bu i l d i ng s ,  sp i l l i ng hazardous mater i a l s ,  -and 

scarti ng fi res from short-circui ted e l ectri cal equipment. Man-made d i sasters 

are caused by exp l os i on s ,  nuc l ear c r i t i ca l i ty excurs i on s ,  wi despread f i re ,  

terror i sm and nucl ear attack . Conce i va b l y ,  natural and man-made causes can 

comoi ne to create d i s astrous con d i t i ons . L i ghtn i n g ,  for exampl e ,  cou l d  strike 

a l arge expl o s i ve mixture. H i gh wi nds at an o f f - s i te f i re cou l d  carry 

f i rebrands to many l aboratory bu i l di ngs where they cou l d  start add i t i on a l  

fi res. 

PURPOSE OF THE LLNL D I SASTER CONTROL PLAN 

• To provide for the mob i l i zati on and d i rection of LLNL ' s  Disaster 

Control Organ i z at i on under major emer gency or d i s aster conditions ( see F i g .  1 ) .  
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1 To estab l i s h and define the operational organ i zation s ,  define tasks 

to be perf onned, i dentify who perf orms these tasks and provide coordination 

between emergency service personnel and Laboratory departments and divi s i ons.  

1 To i dentify who is  in  conmand, thus maintaining unity of  conmand. 

SCOPE 

The LLNL Disaster Control P l an sets forth the emergency organ i z ati on 
structure, response procedures and roles , for a l l  major emergenc ies and 

disasters occurring on LLNL properti es , or occurri ng off-site w i th a potenti al  

or actual impact upon LLNL. These disasters i nc l ude , but are not l imi ted to, 

the f o l l owing potenti al i nc i dents: 

l.  Earthquake 

2 .  Hazardous mater i al s  spi l l  or release, cr i t ical i ty, etc. 

3. Major fire 

4. Exp l os i on 

5.  Off-site i nc i dent expos i ng LLNL 

6 .  Severe weather 

7 .  C i v i l  disturbance ( Security C l as s i f i ed Supplement 12 appl i es here) 

8 .  Terrorism ( Security C l as s i f i ed Supplement 12 applies here) 

Th i s  p l an ou t l i nes the D i s aster Control Organ i z at i on which uti l i zes or may 

u t i l ize any and a l l  l aboratory employees as d i saster workers . A l l  empl oyees 

and un i ts of the Laboratory are hereby subject to d i s aster duties under this 

p l an .  

AUTHORITY ANO PROMULGATION 

This p l an sha l l  be the off i c i a l  D i s aster Control P l an .  I t  may be 
ac t i vated by any authorized i ndi vi dual serving i n  one of the f o l l owing 

Di saster Contro l Organizat i on pos i t i on s ,  i n  concert with the activation matri x :  

1 .  Emergency Control Coordinator ( ECC ) ;  

2 .  Deputy D isaster Control Director ( DDCO ) ;  or 

3 .  Di saster Control Di rector ( DCO ) .  
When th is  p l an i s  i n  effect, it  and the D i s aster Control Organ i z at i on 

operates w i th the fu l l  authority of the Laboratory Di rector. 
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Bas i c  Authori z at i on for this  p l an is  set forth i n  Section 3.00 ( Emergency 

Contro l )  of the LLNL Health and Manua l .  

The p l an represents LLNL ' s  formal response to disasters . Th i s  p l an i s  

approved by the State of Ca l iforn i a ' s  Office of Emergency Services. A l l  

members of the Di saster Control Organ izat i on are qua l i f i ed d i s aster workers 

and are granted authority under the Cal iforn i a  D i saster Act of 1943, as 

amended, and Chapter 6 of the Al ameda County Admin istrative Code. 

Th i s  p l an and i ts suppl ements shal l be revi ewed annual l y  by the 

or i g i nators to estab l i sh that its contents are appropri ate and adequate for 

current operations. The LLNL F i re Ch ief has the respons i b i l ity to ensure that 

the rev i ew  i s  accompl i shed, changes coordinated, and revisions pub l i shed. The 

Emergency Operations Management Group ( EOMG) has the overs i ght respons i b i l i ty 

to ensure that the D i saster Control Organ izat i on i s  capable  of performi ng the 

functi ons described i n  th is  p l an.  

EMERGENCY OPERATIONS GU IDE 

In order to fac i l i t ate implementati on of the tasks that must be carried 

out in order to miti gate a d i saster, a s imple  check l i st book l et ,  cal l ed the 

Emergency Operations Gui de ( EOG ) ,  has been developed for each pos i t i on i n  the 

D i s aster Control Organ i zat i on .  Each booklet i ncl udes the check l i sts necessary 

to perfonn the duties of that posi t ion i n  a l l potenti al d i sasters. The 

checkl i sts are gu i des . They assume that the person i n  the pos i t i on i s  a 

qua l i fi ed i nd i v i dual who is  perf ormi ng tasks which c l osely resembl e  h i s  

day-to-day job. 

The EOG also inc l udes an organ izat i on chart of the D i s aster Control 

Organ i zati on, Pos i ti on Duty Statements of each pos i t i on ,  a copy of th� 

D i s aster Organ izat i on Acti vati on Matr i x ,  and a "Yel l ow  Pages" or Resource 

L i sti ng Secti on. This  shou l d  be referred to when ordering needed resources, 

human or hardware. 

The EOG is a l l  that i s  needed by the i nd i v i dual  i n  order to understand h is  

role and what is  to be done. Master sets of these gui des are kept i n  the EOC, 

D ispatch Centers, Fire Department Conmand Veh ic le ,  and Conmand Post Tra i l er . 
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M I SS ION OF DI SASTER ORGANIZATION 

I n  the event of any major emergency or d i saster occurr i ng on L aboratory 

property, or off- s i te exposing the Laboratory fac i l i t i e s ,  the D i s aster Control 

Organ i z at i on wi l l  i n i t i ate al l appropr i ate action to protect l i fe and property 

i n  the Laboratory and v ic in ity, and restore operational i ntegrity as soon as 

possi b le .  Duties wi l l  be simply an expan s i on of routine dut i es with  a vast l y  

i ncreased workload t o  b e  accompl is hed i n  a compressed time frame. 

ROLE OF LABORATORY ORGANIZATIONS 

F i re Department 

The F i re Department responds promptly to an emergency to eval uate the 

nature and severity and assumes i n i tia l  control of the scene. At security or 

terrori s t  i nc i dents , the sen i or Pol i ce Department Offi cer on-scene assumes 

i n i ti al control . The Emergency D i spatcher handles activation of the Di saster 

Control Organ izat i on un l es s  the function is gi ven to the Pol i ce Department by 

the Emergency Dispatcher. 

The Security Department responds to an emergency i n  order to assi st i n  

pedestri an and veh i c u l ar traffic control and to provi de protection of 

c l as s i f i ed mater i al . Securi t y  personnel may estab l i sh access control to 

bu i l d ings when so di rected. The Security Department representative i s  the 

i ni t i a l  on-scene conmander in a terror i s t  or a security i nc i dent . A l l  

requi rements pertai n i ng to security/po l i ce operations i n  an emergency w i l l  be 

coordi nated through the P o l i ce Conmand Center ( B l dg .  27 1 ) .  

P l ant Engi neer i ng provides mai ntenance mac h i nists and e l ectr i c i ans on 

i n i ti a l  emergency ca l l s .  These basic un i ts can be supplemented by other 

support groups such as wel ders , pl umbers , carpenters, etc . ,  depen d i ng upon the 

nature and extent of the emergency. The P l ant Engineering F i e l d  Team i s  
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ava i l ab l e  to advise upon the oper at i on of f ac i l i t i es '  support functions i n  an 

emergency. A l l  requi rements perta i n i n g  to P l ant Engi neer i ng operations are 

processed and contro l l ed by the P l ant Engi neer i n g  Operations Center i n  

B l dg .  5 1 1 .  

Hazards Control 

The Hazards Control Safety Team assi gned to spec i f i c  bu i l d ings wi l l  be 

ava i l ab l e  to advise upon the control of hazardous cond i ti ons . When the EOC i s  

operat i on a l ,  the Safety Team Leaders wi l l  provide i nformat i on on hazardous 

cond i ti ons to the Haz ards Control representative at that l ocation. 

Med i ca l  

The Medical Department adv i ses the D i s aster Control D i rector on med i ca l  

matters . I t  al so provi des a s s i stance to the F i e l d  Group. 

LLNL and D i v i s i ons 

The l i ne management of the Laboratory wi l l  impl ement ,  when necessary, 

the i r  s e l f - h e l p  p l ans to provide i nformati on and a s s i stance to employees in a 

d i s as�er si tuation i n  which L aboratory emergency servi ces are extended beyond 

tne i r  capab i l i ti es to adequately respond. A s s i stance shou l d  a l so be provided 

to contractor s ,  cons ul tant s ,  and v i s i tors who are i n  a f ac i l i ty or perform i n g  

wor� for a respon s i b l e  L aboratory organ i z at i o n .  LLNL departments and 

j i v � s i ons wi l l  also provide advice and ass i stance to the D i s aster Control 

Jrgar. i z at � o n .  Add i ti on a l l y ,  Laboratory management has the authority to d i rect 

the actions of al l contractors and consul tants on-s i te dur i n g  a major 

emergency. 

POSITION DUTY STATEMENTS 

LLNL Di rector 

The D irector of the Laboratory i s  respon s i b l e  for the over a l l d i rection of 

a l l  l aboratory operati ons , i nc l ud i ng d i saster control . However, the 
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respons i b i l ity for directi ng disaster control operati ons at time has been 

del egated to the "D isaster Control Di rector � "  

D i s aster Control D i rector 

The D isaster Control Di rector ( DCD) i s  responsi b l e  for di recting peop l e ,  

equipment,  and oper ations e ither di rectl y  or indirectly · involved i n  any 

d isaster or d isaster exerc i se .  He al so coordi n ates the act i v i ties between the 

EOC and the F i e l d  Groups .  He may del egate or ass i gn th is  authority as he 

beli eves appropri ate during any emergency or exerc i se .  The Manager of P l ant 

Services or h is  desi gnated al ternate (see Suppl ement 2 )  i s  the D i s aster 

Control Di rector . 

D i s aster Control D i rector 

The Deputy D i s aster Control Di rector ( DDCD) takes charge i n  the f ie ld  and 

acts to control the d i s aster i n  accordance with the D i s aster Control P l an .  He 

implements the directi ons g i ven by the D isaster Control Di rector and commands 

the f i e l d  operations . He i nforms the DCO of the progress made to control the 

d i saster. He al so coord i nates the return to work of di saster control 

personnel after control has been estab l i shed. ( I n emergencies fal l i ng 

primar i l y  within the purvi ew of the Secur i ty Department, the Head of the 

Security Department or h i s  desi gnated al ternate i s  the DDCD; otherwise,  the 

Head of the Hazards Control Department or h i s  designated al ternate is the 

DDCD . At Site 300, the Site  Manager is the DDCD . )  

The Emergency Control Coordi nator ( ECC)  assumes command of the incident 

fr001 the i n i ti al on-scene commander, unt i l  he i s  reli eved by the Deputy 

D i s aster Control Director. In  carrying out these responsi b i l i t i e s ,  the 

Emergency Control Coordi nator di rects the act i v i t i es of the various emergency 

groups, decides the general course of f i e l d  operati ons,  and estab l i shes a 

comnmand post. Once re l i eved, the ECC assi sts the Deputy D i s aster Control 

D i rector as necessary. ( I n  emergencies f al l i ng primar i l y  within  the purview 

of the Security Department, the Ch ief of the Protective Service D i v i s i on or 
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the Securi t y  Emergency Response Team Conmander i s  the ECC; otherw i se ,  the F i re 

Chief is the ECC ) .  The Emergency Control Coordinator has the author i ty to 

expand acti vation of the D i s aster Control Organizat i on i n  concert with th is  

p 1 an. 

Other duties of the ECC i nc l ude the respons i b i l i ty for the devel opment of 

training programs and exerc ises to mai ntain the prof ic i ency of emergency 

response personnel and maintenance of the D i s aster Control Organ i zation i n  a 

state of constant prep�redness. The Emergency Control Coordi nator al so 

ass i sts  program personnel ,  Hazards Control Safety Team l eaders, f i re officers, 

security personnel and others i n  preparation of pre-emergency pl ans for each 

criti cal f ac i l i ty. 

As the sen i or representative of the P l ant Engineering Department , he 

advises the D i s aster Control D irector on general operat i ons of the Laboratory 

and support requi rements of Laboratory programs and departments. He al so 

provi des admi ni strative support for the P l ant Engi neer ing personnel i n  the 

F i e l d  Group. He coordi nates EOC requi rements wi th the Head of the P l ant 

Eng i neering Department l ocated i n  the P l ant Engi neer i ng Operat i ons Center 

( B 1 dg . 5 1 1  ) . 

He adv ises the D i s aster Control Director on general securi ty and pol i ce 

operations during a. d i saster. He coordinates EOC requi rements with the 

Security/Po l i ce Coomand Center (Eldg .  271 ) ,  and provides admi nistrat i ve 

support for the Secur ity/Po l i ce fie ld  un i ts .  As prev i ously  noted, the Head of 

the Securi ty Department or h is  desi gnated al ternate wi l l  perform the function 

of DDCD i n  hostage or terrori st s ituations. 

Senior F i re Offi cer 

I n  any major emergency not within  the purview of the Security Department, 

the Seni or F i re Offi cer present at the d i saster scene assLmes conmand unt i l  

the Emergency Control Coordi nator arr ives.  He supervises a l l  f i re- f i ght i ng ,  
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rescue, and f i rst-aid operations. He a l so di rects operati ons requi red to 

conta in  and control hazardous spi l l s  of f l arrmab l e  mater i a l s  and water. At the 

scene of an emergency, the Senior F i re Offi cer di rects the sal vage operat i ons 

necessary for illlnedi ate control of an emergency unt i l  he i s  re l i eved. He 

requests assi stance from the Emergency Control Organi zati on if necessary, and 

coordinates the act i v i t i es of mutua l - a i d  f ire compan i es .  He performs other 

emergency act i v i ti es as di rected by the ECC. He is al so responsi b l e  for 

assist ing the Emergency Control Coordi nator and the Hazards Control Safety 

Team Leader with fonnul ati on of pl ans f or contro l l i ng emergencies. 

The P l ans/Log i stics Section in  the EOC is responsi b le  for the comp i l at ion ,  

eval uation and displ ay of information regarding the status of the emergency. 

It i s  al so responsib le  for predi cti ons of future probl ems and considerations 

i n  the emergency. The P l ans/Logi sti cs Section makes provi s i ons for needed 

resources, both human and hardware, from on- s i te or off-site in s upport of the 

emer gency. They order the resources and notify the assembl y  points regarding 

the avai l a b i l ity of sa id  resources. The Section a l so arranges for medical 

adv i ce ,  f i e l d  med i ca l  assistance and triage, ambul ance, and selecti ons and 

notifi cati on of rece i vi ng hospital s .  This  Section i nc l udes the fol l owing 

personnel :  

EOC The EOC Manager activates and directs the P l ans/Logist i cs 

Secti on i n  the EOC. He i s  responsible for activating the EOC f ac i l i ti es and 

oversee i ng the f ac i l ity operati on; he oversees the operation of the 

Inf onnation Coordi nator and i nsures EOC security. He al so oversees the RACES 

operation and i s  the i nterface with ARAC operati on .  The LLNL Emergency 

Preparedness Program Leader or his  desi gnated al ternate i s  the EOC Manager. 

EOC Informati on Coordi nator. The 1 ·format i on Coordi nator activates and 

oversees the operation of the Situati �n/Status l1isplay Team and supervises the 

receipt, va l i dation, f l ow and displ ay of necessat . ·  i nformation i n  EOC. 

S ituati on/Status Team. This team is part of the P l ans/Log i st i cs 

Section i n  the EOC. They are under direction of the Information Coordi nator 

and have the responsi b i l ity f or receiving i ncomi ng i nfonnation regardi ng 

s i t uati on status and damage assessment,  e l imination of redundant messages, 
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val i dation of i nformati on and the posting  of the i nformation on proper 

d i s p l ays i n  EOC, and distributi on of messages to various i ndi v i du a l s  i n  EOC. 

RACES Amateur C i v i l  Servi ce--Admi n i strative Th is  i s  

a federal ly  author i zed , vol unteer, amateur rad i o  operators group. The members 

are LLNL employees. RACES w i l l  establ ish  a conmun i cati ons net between 

L aboratory departments and d i v i s i ons and the EOC under direction of the EOC 

Manager. They w i l l  rel ay damage assessment i nf ormati on and s ituati on status 

i nformat i on to the P l ans/Logi st i c s  Secti on i n  EOC. They also prov ide a rad i o  

conmunicati ons net throughout the Laboratory and wi l l  serve as a 

conmun i cations l i nk for the Di saster Control Organ i zati on .  

ARAC Rel ease ARAC 

provi des for the co l l ecti on of real-time meteorologi cal , observational , and 

f orecast data which i s  used to calcul ate air concentrations and ground 
depos i t i on est imates that can be expected from the release of tox i c  and 

radioactive materi a l s .  

Operations Representative (Adm i n i strative Group ) .  As a member of the 

Aomi n i strative Group , assi gned to P l ans/Logist ics ,  this  i nd i v i dual provi des 

admi n i strat i ve support to supply operat i ons d i v i s i on personnel engaged i n  

d i s aster control ac t i v i t i e s .  

Busi ness Services Representat i ve ( Admi n istrat i ve As a member of the 

Admi n i s trati ve Group assi gned to P l ans/Log ist ics ,  th is  i n d i v i dual provi des 

admi n istrat i ve support to the D isaster Control D i rector. Th is  i nc l udes advice 

on l egal matters, procurement of off - s i te supp l i es and equ i pment from outs i de 

sources , act i vati on of cafeter i as ,  and the housing and feed i ng of d i s aster 

workers. 

Med ical  Department Representat i ve .  The Medical Department representative 

advises the D i saster Control D i rector and Emergency Control Coord i nator about 

med ical  problems, cares for the i njured, conducts triage, assi sts with the 

estab l i shment of emergency med i cal-aid  f ac i l i ti es ,  and arranges f or 

transportation to hospital s .  Med i cal  personnel respond to the F i e l d  C01T111and 

Post as needed and are under the d i rection of the F i e l d  Group Conmander. 

L i aison Group) 

The L i aison Offi cer i s  respons i b l e  for al l i nter-agency i nterface, under 

the di rect ion of the D i saster Control Di rector. L i a i son mai ntains contact as 
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necessary with FEMA, DOE, OES, Red Cross, NRC, F B I ,  L i vermore C i ty, 

P l easanton, ALCO, and any other i nvolved enti t i es .  

The Pub l i c  Informati on Offi cer writes and d i ssemi nates a l l  releases to 

the med i a  and pub l i c. He i s  under di rec t i on of DCD and a l l  media rel eases 

sha l l  be approved by DCD pri or to release. PIO functions as contact point and 

host f or on-scene med i a  and other concerned groups from the pr i vate sector. 

The Off-Site Samp l i ng Team i s  respons i bl e  for f i e l d  measurements,  s amp l e  

co l l ecti on and preparati on , and anal ys is  o f  contami nation during a d i saster, 

and wi l l  i nform the D i s aster Control Organizat i on of the extent of the 

contami nation. They al so wo�k outside the Laboratory perimeter to establ i sh 

contami nation l eve ls  beyond the Laboratory. The team may be given other 

assi gnments by the person i n  charge of the F i e l d  Group. 

Various support groups are i ntegrated into the D i saster Control 

Organ i z ati on. These groups are under di rection of the P l ant Engineering 

Department and are assi gned to the F i e l d  Group. They i ncl ude r i ggers, 

welders, p l umbers , e l ectrici ans, carpenters, l aborers, truck drivers , and 

other l abor-type pos i t i ons . 

TRANSITION OF OPERATIONS 

Any response to a major emergency or disaster must be appropr i ate to 

manage the scope of the i nc i dent. Transi ti on must be automatic and keyed to 

certa i n  i nc i dent criter i a. A d i s aster can be c l as s i f i ed i nto various 

operational l evel s .  F i gure 2 describes these l evels rel ating to potenti al 
Laboratory di sasters . F i gure 2 shows 3 l eve ls :  the incident bu i l ds from 

Level 0 to Level 3. This does not prec l u de going i nto a Level 3 mode 
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FIG.  2 .  Organization trans i tion matr i x  (conti nued on next page ) .  
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inmed i ately,  as may be the case i n  the event of a severe earthquake, nucl ear 
attack , or terror i st i ntrusion. F i gure 2 sets forth the fol l owing i nformat i on 

for each leve l :  

• i nci dent l evel 
� c l ass i f i cation of the level 

• i nc i dent l evel criter i a  

• overal l  inci dent conmand tran s i t i on (who i s  i n  charge at each l evel ) 

• F i e l d  Operations Conmander at each l evel 

• EOC status 

• F i e l d  Conmand Post status 

• ent i t i es i nvol ved at each l evel 

• D i s aster Control P l an Acti vati on by Group ( F i e l d  and Admini strative) 

• necessary not i f i cations. 

ORGANIZATION TRANS ITION MATRIX 

The incident level desi gnator provi des  a gu i de to ass i st emergency 

service personnel in  understanding the mob i l izati on sequence. Th i s  wi l l  key 

other D is aster Control Organ izat i on members,  i nc l ud i ng dispatchers, as to what 

l evel of acti vati on is occurring and what can be expected. 

F i gure 2 i s  a Any l evel can be activated by the senior person i n  

charge at any point i n  the i nci dent as the situation warrants. The key i s  the 

understanding of what l evel i s  in effect. 

At Level 3, the EOC is activated by the i nd i v i dual  i n  charge of di recting 

the emergency operations on i nstructions from the Deputy Disaster Control 

Di rector. The Deputy Disaster Control Di rector can order activati on during 

Level 2 if desired. A severe earthquake -triggers automat i c  activation. 

Conmand trans i ti on wi l l  occur as described bel ow. The l evel s  of response 

to al l Laboratory emergencies are out l i ned in F i gure 2. Thi s  response bui l ds 

up i n  accordance with the fo l l owing steps: 

Level O 

l 
Level 0 

l 

The f i rst empl oyee to become aware of an acc i dent must ei ther 
report the acci dent inmediately or have someone report it .  

Inmed i ate l y  after an acc i dent occurs, the Program Di rector of the 
i nvol ved area i s  responsible  for safeguarding h i s  personnel and 
taking control act i ons his  group can accompl i sh safely. 
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Level 1 

Level 1 

Level 2 

Level 3 

LLNL EOC 

Once the F i re Department arr i ves ,  the Sen i or F i re Offi cer 
coordi nates the contra� efforts of a l l  personnel present. He 
rel i nq u i s hes th is  respons i b i l ity to an Emergency Control 
Coordinator when he arrives at the scene. 

If the Emergency Control Coordinator consi ders the accident to be a 
major emergency or a d i saster, the Head of the Hazards Control 
Department ( or S i te Manager if i nci dent i s  at S i te 300) i s  c a l l ed 
and serves as the Deputy D i s aster Control D i rector to coordi nate 
a l l  f ield  act iv i ties.  At l evel 3, the Manager of P l ant Services 
becomes the D i s aster Control D i rector and takes admin i strative 
control of the entire operation through the activation and 
operat i on of the LLNL Emergency Operations Center. 

Upon acti vat i on by direction of the i n d i v i dual  i n  charge of emergency 

operati ons , the EOC w i l l  operate as the primary command center for the 

d i saster operati on .  The Admi nistrative Group wi l l  operate i n  the EOC. The 

EOC act i v i ti es w i l l  i nc l ude the fol l owi ng:  

• corrmand of over a l l  i nc i dent; 

• coordinate all e lements of the D i saster Control Organ i zat i on ;  

• co l l ect and d i s p l ay damage assessment i nformati on; 

• co l l ect and displ ay s i tuat i on status i nformat i on ;  

• estab l ish  i nci dent strategy and priori ties,  and a l l ocate resources; 

• coordinate the i nter-agency i nterface and l i ai son; 

• manage media i nterface and med i a  releases; 

• request resources from off-site (publ i c  and pri vate sector ) ;  

• ensure conti nuity of operations; and 

• manage recovery operat i ons . 

The currrent EOC l ocation i s  i n  the basement of B l dg. 271 ( Po l ice 

Department ) .  The EOC may have to be rel ocated during a d i saster if it i s  

rendered i noperati ve by earthquake , hazardous gases, terror i sm ,  f i re ,  etc. An 

al ternate EOC w i l l  be desi gnated by the D isaster Control D i rector. 
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P l ans 

If  the d isaster i nvolves al l or a major area of the l aboratory and the 

emergency service elements are over-co1T111i tted, the departments and d i v i s i ons 

wi l l  impl ement their self-he l p  pl ans which wi l l  provi de for col l ect ion ,  

control , and assi stance to empl oyees at desi gnated assembly areas. 

Departments and d iv is i ons wi l l  establ i sh co1T111un icat i on with the EOC and advise 

of the status of personnel and f ac i l i ti es .  

COMMUNICATIONS 

GENERAL 

The Emergency CO!Tlllunicati ons System serves three purposes . F i rst,  i t  

provi des a means f or notifying proper author i t i es that an emergency exi sts . 

Second, i t  is  used to alert emergency control forces, as wel l  as L aboratory 

employees. Thi rd,  it provi des tactical conmunicati on l i nes between various 

un its and personnel combat i ng the emergency. The co1T111unications system 

( F i g .  3 }  which i nc l udes rad i o ,  telephone, manual and automat i c  al ann systems , 

and messengers ti e i nto a var i ety of on- s i te fac i l i ti es as wel l  as local , 

state, and federal agenc i es .  

NOTIFICATION 

The Emergency D i spatcher i s  respons i bl e  for not i fying i nd i v i duals  of the 

Admi n i strative and F i e l d  Groups whenever a major emergency or di saster has 

occurred or i s  invni nent . 

Th i s  functi on may be handed off to the Pol i ce Department D i spatcher by the 

Emergency Dispatcher if the l atter is overloaded. C a l l  up i s  requested by the 

person in conmand of the i nc i dent. 

When not i fy i ng the groups. the dispatcher cal l s  the f i rst member of the 

parti cul ar team being acti vated. The contacted member, i n  turn, i s  

respons i b l e  for not i fying other members of h i s  group. (LLNL Disaster Control 

P l an Supplement 2 l i sts these groups . )  
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EMERGENCY CALL L IST 

Both Po l i ce and Emergency Di spatchers have a current Emergency Cal l L i st 

that is  kept up- to-date by the Emergency Control Coordinator. Members of the 

D � s aster Control Organ i zati on are respon s i b l e  for informing the Emergency 

Control Coordi nator rif changes to the C a l l  L i st .  A l l  changes are coordinated 

through the Emergency Preparedness Program Leader. 

EMERGENCY ALARMS 

Most emergency al arms are received by the F i re Department through emergency 

tel ephone extension 2 - 7333 ( Ext .  333 at S i te 300 ) .  Other al arms are received 

through automati c  a l arm systems . 

A di agram of the emer gency al arm systems i s  presented in F i g .  4. A special 

telephone commun i cating system is  used to al ert emergency f orces at the 

Laboratory. In add i t i on ,  speakers connected to emergency tel ephone number 

2-7333 permit emergency c a l l s  to be moni tored. The Channel B radio system 

a l so is  used to announce emergenc ies .  A d i s aster paging system at the LLNL, 

air rai d si rens, or both, announce l arge-scale acci dents or irmiinent a ir  

ra ids .  Radios and tel ephones are used exc lus ive l y  at S i te 300 to  a lert 

personnel of emergenc i es .  Warnings of invninent enemy attack are received 

e � ther through a spec ia l  tel ephone connecti on with the North Amer ican Warning 

Al ert System ( NAWAS ) .  F i gure 5 di agrams the sys tems to be used to al ert 

personnel at L i vermore and S i te 300. Dis aster Control P l an Suppl ement 1 
�rovi des furt her deta i l s  on the LLNL Emergency Commun i cation System. 

OFf-HOURS EMERGENCIES 

In the event of a major emergency or d isaster occurr i ng at a time other 

than during the normal workday, the operations w i l l  genera l l y  fol l ow the 

trans i t i on sequence prev i ous ly  descr i bed . The F i re Department,  Security 

Department, and P l ant Engi neering Department maintain groups respons ib le  for 

respond ing to Laboratory emergenc i es on an around-the-cl ock bas i s .  The Pol i ce 

Department Watch Commander w i l l  take charge i n i ti a l l y  i n  i nc i dents invo l v i ng 

secur i ty; otherwise,  the F i re Department Duty Chief  wi l l  take i n i t i al response 

ac tion.  In e i ther i nstance, the i nd i v i dual i n  charge wi l l  advise their 
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immed i ate supervisor and determi ne what further emergency response personnel 

and/or resources are required. 

SUPPLY AND LOGISTICS 

Many speci al  purpose and conmon types of veh i c l es at the Laboratory are 

ava i l ab l e  for use during emergencies.  The Emergency Control Coordinator 

mai ntains a compl ete i nventory of this  equ i pment i n  Supp l ement 13 to this  

D i saster Control P l an .  I t  i s  reconmended that Members of the D i s aster Control 

Organi zati on wi l l  become fami l i ar with th is  i nventory l i st. 

FALLOUT SHELTERS 

The Laboratory maintains a number of fal l out shel ters capable of housing 

approx imately 1 1 , 000 peopl e. The shel ters are stocked with necessary med i cal  

s u pp l i es and rad i ologi cal i nstruments (bring food ) .  F i re Safety D i v i s i on is  

respons i b l e  for mark ing and stocking these shel ters . 

Shel ters are managed by the responsib le  Laboratory departments and 

d i v i s i ons.  They are activated by the Laboratory D i saster Control D i rector. 

The Shel ter Managers may refer to the Shel ter H andbook ( Suppl ement 

9 )  as necessary. Shel ter locati ons are shown on the map ( F i g . 6 ) .  

Shel ter l ocati ons and travel routes are i ncl uded i n  the Sel f-Help Pl ans fot 

each program. Each program is assi gned spec i f i c  shel ter l ocat i ons.  Lab 

s hel ters are al so desi gnated for use during relocat i on of c i t i zens from the 

C i ty of L i vermore. 

DI SASTER CONTROL PLAN SUPPLEMENTS 

The basic D i s aster Control P l an i s  augmented by a number of suppl ements 

that descr i be i n  more detail the equ i pment and d isaster control systems 

ava i l able during emergenci es.  The f o l l owing supplements, when combined with 

this  bas i c  manua l ,  comprise the complete P l an .  Copies o f  the supp l ements may 

be obtai ned fran the F i re Safety D i v i s i on of the Hazards Control Department 

( Ext.  2-5194 ) .  
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